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Sir: 



APPLICATION FOR PATENT TERM EXTENSION 



Pursuant to the provisions of 35 U.S.C. § 156, The Curators of the University of Missouri 
(hereinafter "Missouri") hereby requests an extension of the term of U.S. Patent No. 6,489,346 
(hereinafter the '346 patent) of 433 days, from July 15, 2016 to September 22, 2017. Missouri is 
the owner of record of the '346 patent and Santarus, Inc. (hereinafter "Santarus") is the exclusive 
licensee of the '346 patent pursuant to an agreement executed ^J[J^^^||j20|ia9gq^^io^489346 
used in preparing this application, including the response to 37^e.'F:M5"§ i .740(iK«^li>was 
obtained, at least in part, from Santarus. 

Applicant hereby provides the following information as required by 37 C.F.R. § 1 .740(a): 
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Section 1 : Complete identification of the approved product . 

The approved product, Zegerid™ Powder for Oral Suspension, comprises omeprazole 
(20 mg strength) as an active ingredient, sodium bicarbonate (1680 mg) which acts to protect the 
omeprazole fi-om acid degradation in gastrointestinal fluids, and several inactive ingredients 
including sucrose, sucralose, xanthan gum, xyHtol, and flavorings. 

Omeprazole has the following chemical formula: 



and its chemical name is 5-methoxy-2-[[(4-methoxy-3, 5-dimethyl-2-pyridinyl) methyl] sulfmyl]- 
l//-benzimidazole. The empirical formula for omeprazole is C17H19N3O3S and its molecular 
weight is 345.42. 

Sodium bicarbonate has the following chemical formula: 



The empirical formula for sodium bicarbonate is CHNaOs and its molecular weight is 84.01. A 
copy of the FDA approval letter in regards to Zegerid™ is attached herewith as Attachment 1. 

According to the Manual of Patent Examining Procedure ("M.P.E.P.")., Eighth Edition, 
Revision 2 (§ 2752, page 2700-32), "an approved product having two active ingredients, which 
are not shown to have a synergistic effect or have pharmacological interaction^ will not be 
considered to have a single active ingredient made of the two active ingredients." (emphasis 
added). Therefore, according to the M.P.E.P., an approved drug product having two or more 
active ingredients, which are shown to have a synergistic effect or a pharmacological interaction 
should be considered to have a single active ingredient made of the two active ingredients. The 
term "active ingredient" is defined in the M.P.E.P. (§ 2752, page 2700-31) to be "the ingredient 
in the drug product that becomes therapeutically active when administered." 

Zegerid™ Powder for Oral Suspension is an immediate-release formulation that contains 
omeprazole (an acid labile proton pump inhibitor) and sodium bicarbonate which is present, inter 
alia, to raise the pH of the gastrointestinal fluid thereby protecting omeprazole fi-om acid 
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degradation in the gastrointestinal tract and allowing for absorption of omeprazole in the 
stomach. 

As supported by the Declaration of David C. Yeomans, Ph.D., of Stanford University, 
submitted herewith and incorporated by reference herein, Applicant has shown both a 
pharmacological interaction and a synergistic interaction between omeprazole and sodium 
bicarbonate. See, e.g., Declaration of Dr. David Yeomans at 7-9. 

Although the FDA labeling does not indicate that sodium bicarbonate is an active 
ingredient, this is not dispositive for purposes of patent term extension. Congress has granted to 
the United States Patent and Trademark Office ("PTO"), not the FDA, the authority to determine 
whether a patent is eligible for patent term extension under 35 U.S.C. § 156. Therefore, in 
determining the "active ingredient" of Zegerid™ for purposes of patent term extension, the PTO 
should not look to what was ultimately listed as the active ingredient on the FDA label, but 
rather, the PTO should independently determine what constitutes the "active ingredient" for 
purposes of 35 U.S.C. § 156. 

"The Manual of Patent Examining Procedure (MPEP) contains details of the practices 
and procedures whereby the PTO implements its statutory mission." Exxon Corp, v. Phillips 
Petroleum Co., 265 F.3d 1249, 1251 (Fed. Cir. 2001). Again, the M.P.E.P. defines "active 
ingredient" to be "the ingredient in the drug product that becomes therapeutically active when 
administered." (§ 2752, page 2700-31). Applicant hereby submits that it is the combination of 
omeprazole and sodium bicarbonate that becomes therapeutically active for the approved uses of 
Zegerid™. See, e.g., Declaration of Dr. David Yeomans at Figure 1 . In other words, without 
sodium bicarbonate or another buffering agent as provided by the *346 patent, the omeprazole 
would degrade in the gastrointestinal fluid, thereby significantly decreasing or eliminating 
altogether its therapeutic effectiveness for the approved uses. See, e.g.. Id, at 38-39. 
Therefore, Applicant submits that the PTO should consider both omeprazole and sodium 
bicarbonate to be active ingredients for purposes of patent term extension and therefore that 
Zegerid™ has a single active ingredient made up of these two ingredients. 
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Section 2: Complete identification of the Federal statute including the applicable provision of 
law under which the regulatory review occurred. 

The approved product was subject to regulatory review under the Federal Food, Drug and 
Cosmetic Act (21 U.S.C. 355), section 505(b)(2). 

Section 3: Identification of the date on which the product received permission for commercial 
marketing. 

Zegerid™ received permission for commercial marketing or use under Section 505(c) of 
the Federal Food, Drug and Cosmetic Act (21 U.S.C. 355) on June 15, 2004. 

Section 4: Identification of each active ingredient. 

As discussed above and in the Declaration of David C.Yeomans, Ph.D., attached 
herewith, omeprazole and sodium bicarbonate act together to produce the pharmacological 
interaction of Zegerid™. For example, without sodium bicarbonate or another buffering agent as 
provided by the *346 patent, the omeprazole present in Zegerid™ would degrade in 
gastrointestinal fluid and would not become therapeutically active. As such, the new active 
ingredient, for purposes of patent term extension under 35 U.S.C. § 156, is a combination of 
omeprazole/sodium bicarbonate, which has not been previously approved for commercial 
marketing or use. 

It is Missouri's understanding that enteric coated granules of omeprazole were first 
approved for commercial marketing or use under Section 505(c) of the Federal Food, Drug and 
Cosmetic Act (21 U.S.C. 355) on September 14, 1989 {Le. Prilosec®). It is also pointed out that 
sodium bicarbonate has been approved as an active ingredient in prescription products including, 
for example, Baros (approved August 7, 1985) and BSS Plus (approved October 28, 1981). 

As detailed in the *346 patent and herein, the omeprazole/sodium bicarbonate 
combination under consideration is markedly different from both the enteric coated granules of 
Prilosec® and sodium bicarbonate as single agents. 
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Section 5: Timeframe for submission. 

This application is being timely submitted within the sixty-day period provided by 35 
U.S.C. § 156(d)(1) since approval was granted on June 15, 2004 and the sixty-day period will 
expire on Saturday, August 14, 2004. 

Section 6 and 7: Compete identification of the patent and copy of the patent. 
The patent for which an extension is sought is: 
U.S. Patent No.: 6,489,346 
Issued: December 3, 2003 

Inventor: Jeffrey O. Phillips 

Filed: January 11,2000 

Expires: July 16, 2016 

A copy of U.S. Patent No. 6,489, 346 is enclosed herewith as Attachment 2. 

Section 8: Copy of any disclaimer, certificate of correction, receipt of maintenance fee payment, 
or reexamination certificate issued in the patent. 

Enclosed as Attachment 3 is a schedule of maintenance fee payments (none have yet 
come due), as Attachment 4 a copy of a Terminal Disclaimer filed during prosecution of U.S. 
Patent No. 6,489,346, and as Attachment 5 two certificates of correction filed regarding U.S. 
Patent No. 6,489,346. 

Section 9: Statement that the patent claims the approved product and a method of using the 
approved product. 

U.S. Patent No. 6,489,346 claims the approved product and methods of using the 
approved product. The applicable claims of the '346 patent are claims 24, 26, 31-35, 37, 50 - 
53, 55 - 60, 65 - 66, 68, 80 - 86, 90 - 94, and 1 17 - 1 18, Below, the applicable claims are 
provided (single space) followed by a brief description explaining how the claim in question 
embraces the approved product. 

Claims 

Claim 24. A method for treating an acid-caused gastrointestinal disorder in a subject in need 
thereof, comprising: administering to the subject a solid pharmaceutical composition in a dosage 
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form that is not enteric-coated; wherein the composition comprises active ingredients consisting 
essentially of: 

(a) a therapeutically effective amount of approximately 5 mg to approximately 300 mg of 
a non-enteric coated proton pump inhibitor selected from the group consisting of omeprazole, 
lansoprazole, rabeprazole, esomeprazole, pantoprazole, pariprazole, and leminoprazole, or an 
enantiomer, isomer, derivative, free base, or salt thereof; and 

(b) a buffering agent in an amount of approximately 1.0 mEq to approximately 150 mEq 
selected from the group consisting of a bicarbonate salt of a group lA metal, a calcium salt, and a 
magnesium salt, wherein the buffering agent is in an amount sufficient to elevate gastric acid pH 
of the subject's stomach to prevent or inhibit gastric acid degradation of the non-enteric coated 
proton pump inhibitor and achieve sufficient bioavailability of the proton pump inhibitor in the 
subject to elicit a therapeutic effect. 

Zegerid™ powder for oral suspension is a non-enteric coated solid dosage form (powder) 
that comprises 20 mg of powder omeprazole and 20 mEq of buffering agent (sodium 
bicarbonate), which is a bicarbonate salt of a Group lA metal. The buffering agent is present in 
an amount sufficient to elevate gastric acid pH of the subject's stomach to prevent or inhibit 
gastric acid degradation of the non-enteric coated proton pump inhibitor and achieve sufficient 
bioavailability of the proton pump inhibitor in the subject to elicit a therapeutic effect. 
Therefore, claim 24 reads on the approved product. 

Claim 26. The method of claim 24, wherein the sodium bicarbonate is in an amount 
from about 1 000 mg to about 1 680 mg. 

The sodium bicarbonate is present in an amount of 1680 mg. Therefore, claim 26 reads 
on the approved product. 

Claim 31. The method of claim 24, wherein the buffering agent is in an amount of at 
least 10 mEq. 

The sodium bicarbonate is present in an amount of 20 mEq. Therefore, claim 3 1 reads on 
the approved product. 

Claim 32. The method of claim 24, wherein the buffering agent is in an amount from 
about 10 mEq to about 70 mEq. 

The sodium bicarbonate is present in an amount of 20 mEq. Therefore, claim 32 reads on 
the approved product. 
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Claim 33. The method of claim 24, wherein the buffering agent is in an amount from 
about 20 mEq to about 40 mEq. 

The sodium bicarbonate is present in an amount of 20 mEq. Therefore, claim 33 reads on 
the approved product. 

Claim 34. The method of claim 24, wherein the proton pump inhibitor is in an amount 
from about 10 mg to about 100 mg. 

The omeprazole is present in an amount of 20 mg. Therefore, claim 34 reads on the 
approved product. 

Claim 35. The method of claim 24, wherein the proton pump inhibitor is omeprazole. 

The proton pump inhibitor is omeprazole. Therefore, claim 35 reads on the approved 
product. 

Claim 37. The method of claim 35, wherein the omeprazole is present in an amount of 
about 20 mg. 

The omeprazole is present in an amount of 20 mg. Therefore, claim 37 reads on the 
approved product. 

Claim 50. The method of claim 24, wherein the composition is in a dosage form selected 
from the group consisting of a tablet, powder, suspension tablet, chewable tablet, capsule, 
effervescent powder, effervescent tablet, pellets, and granules. 

The composition is in a powder dosage form. Therefore, claim 50 reads on the approved 
product. 

Claim 51. The method of claim 24, wherein the subject is a human. 

Zegerid™ powder for oral suspension is approved for the treatment of humans. 
Therefore, claim 5 1 reads on the approved product. 

Claim 52. The method of claim 24, wherein the dosage form fiirther comprises a 
flavoring agent. 

Zegerid™ powder for oral suspension comprises peach and peppermint flavors. 
Therefore, claim 52 reads on the approved product. 



7 



Claim 53. The method of claim 52, wherein the flavoring agent comprises aspartame, 
chocolate, root beer, peppermint, spearmint, or watermelon, and combinations of any of 
the foregoing. 

Zegerid™ powder for oral suspension comprises peppermint flavor. Therefore, claim 53 
reads on the approved product. 

Claim 55. The method of claim 24, wherein the disorder is selected from the group consisting of 
duodenal ulcer disease, gastric ulcer disease, gastroesophageal reflux disease, erosive 
esophagitis, poorly responsive symptomatic gastroesophageal reflux disease, pathological 
gastrointestinal hypersecretory disease, Zollinger Ellison Syndrome, and acid dyspepsia, 

Zegerid™ powder for oral suspension is indicated for short-term treatment of active 
duodenal ulcers, treatment of heartburn and other symptoms associated with GERD, short-term 
treatment of erosive esophagitis, and to maintain healing of erosive esophagitis. Therefore, 
claim 55 reads on the approved product. 

Claim 56. The method of claim 24, wherein the dosage form is administered once or twice a 
day. 

The recommended dose of Zegerid™ powder for oral suspension is 20 mg once daily. 
Therefore, claim 56 reads on the approved product. 

Claim 57. A solid pharmaceutical composition in a dosage form that is not enteric-coated, 
comprising: active ingredients consisting essentially of; 

(a) a therapeutically effective amount of a non-enteric coated proton pump inhibitor 
selected from the group consisting of omeprazole, lansoprazole, rabeprazole, esomeprazole, 
pantoprazole, pariprazole, and leminoprazole, or an enantiomer, isomer, derivative, free base, or 
salt thereof; and 

(b) a buffering agent selected from the group consisting of sodium bicarbonate, and 
calcium carbonate, in an amount more than about 40 times the amount of the proton pump 
inhibitor on a weight to weight basis in the composition. 

Zegerid'''^ powder for oral suspension is a non-enteric coated solid dosage form (powder) 
that comprises 20 mg of non-enteric coated omeprazole (a therapeutically effective amount) and 
1680 mg of sodium bicarbonate. The buffering agent is present in an amount of 84 times the 
amount of the omeprazole on a weight to weight basis. Therefore, claim 57 reads on the 
approved product. 
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Claim 58. The composition as recited in claim 57, wherein the buffering agent is sodium 
bicarbonate. 

The buffering agent is sodium bicarbonate. Therefore, claim 58 reads on the approved 
product. 

Claim 59. The composition as recited in claim 57, wherein the sodium bicarbonate is in an 
amount from about 400 mg to about 4000 mg. 

The sodium bicarbonate is present in an amount of 1680 mg. Therefore, claim 59 reads 
on the approved product. 

Claim 60. The composition as recited in claim 57, wherein the sodium bicarbonate is in an 
amount of at least about 800 mg. 

The sodium bicarbonate is present in an amount of 1680 mg. Therefore, claim 60 reads 
on the approved product. 

Claim 65. The composition as recited in claim 57, wherein the proton pump inhibitor is in an 
amount from about 10 mg to about 100 mg. 

The omeprazole is present in an amount of 20 mg. Therefore, claim 65 reads on the 
approved product. 

Claim 66. The composition as recited in claim 57, wherein the proton pump inhibitor is 
omeprazole. 

The proton pump inhibitor is omeprazole. Therefore, claim 66 reads on the approved 
product. 

Claim 68. The composition as recited in claim 66, wherein the omeprazole is present in an 
amount of about 20 mg. 

The omeprazole is present in an amount of 20 mg. Therefore, claim 68 reads on the 
approved product. 

Claim 80. The composition as recited in claim 57, wherein the proton pump inhibitor is 
micronized. 
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The omeprazole is present in micronized form. Therefore, claim 80 reads on the 
approved product. 

Claim 81. The composition as recited in claim 57, wherein the composition is in a dosage form 
selected from the group consisting of a tablet, powder, suspension tablet, chewable tablet, 
capsule, effervescent powder, effervescent tablet, pellets, and granules. 

Zegerid™ powder for oral suspension is in the form of a powder. Therefore, claim 81 
reads on the approved product. 

Claim 82. The composition as recited in claim 57, further comprising a flavoring agent 
comprising aspartame, chocolate, root beer, peppermint, spearmint, or watermelon, and 
combinations of any of the foregoing. 

Zegerid™ powder for oral suspension comprises either peppermint or peach flavoring 
agent. Therefore, claim 82 reads on the approved product. 

Claim 83. The composition as recited in claim 57, wherein the amount of the buffering agent is 
more than about 50 times the amount of the proton pump inhibitor on a weight to weight basis in 
the composition. 

The buffering agent is present in an amount of 84 times the amount of proton pump 
inhibitor on a weight to weight basis. Therefore, claim 83 reads on the approved product. 

Claim 84. The composition as recited in claim 57, wherein the amount of the buffering agent is 
more than about 60 times the amount of the proton pump inhibitor on a weight to weight basis in 
the composition. 

The buffering agent is present in an amount of 84 times the amount of proton pump 
inhibitor on a weight to weight basis. Therefore, claim 84 reads on the approved product. 

Claim 85. The composition as recited in claim 57, wherein the amount of the buffering agent is 
more than about 70 times the amount of the proton pump inhibitor on a weight to weight basis in 
the composition. 

The buffering agent is present in an amount of 84 times the amount of proton pump 
inhibitor on a weight to weight basis. Therefore, claim 85 reads on the approved product. 
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Claim 86. The composition as recited in claim 57, wherein the amount of the buffering agent is 
more than about 80 times the amount of the proton pump inhibitor on a weight to weight basis in 
the composition. 

The buffering agent is present in an amount of 84 times the amount of proton pump 
inhibitor on a weight to weight basis. Therefore, claim 86 reads on the approved product. 

Claim 90. A method of producing a liquid pharmaceutical composition comprising: combining 
the dosage form of claim 57 with an aqueous medium. 

Prior to administering Zegerid™ powder for oral suspension, the powder is to be 
combined with 2 tablespoons of water. Therefore, claim 90 reads on the approved product. 

Claim 91. A method for treating an acid-caused gastrointestinal disorder in a subject in need 
thereof, comprising: administering to the subject the dosage form as recited in claim 57 via a 
route selected from the group consisting of oral, nasogastric, and gastric tube. 

Zegerid™ powder for oral suspension is indicated for treatment of acid-caused 
gastrointestinal disorders and is to be administered to orally. Therefore, claim 91 reads on the 
approved product. 

Claim 92. The method as recited in claim 91, wherein the disorder is selected from the group 
consisting of duodenal ulcer disease, gastric ulcer disease, gastroesophageal reflux disease, 
erosive esophagitis, poorly responsive symptomatic gastroesophageal reflux disease, 
pathological gastrointestinal hypersecretory disease, Zollinger Ellison Syndrome, and acid 
dyspepsia. 

Zegerid™ powder for oral suspension is indicated for short-term treatment of active 
duodenal ulcers, treatment of heartburn and other symptoms associated with GERD, short-term 
treatment of erosive esophagitis, and to maintain healing of erosive esophagitis. Therefore, 
claim 92 reads on the approved product. 

Claim 93. The method as recited in claim 91, wherein the composition is administered once or 
twice a day. 

The recommended dose of Zegerid™ powder for oral suspension is 20 mg once daily. 
Therefore, claim 93 reads on the approved product. 
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Claim 94. A method for administering a liquid phamiaceutical composition to a subject, 
comprising: combining the phamiaceutical composition as recited in claim 57 with an aqueous 
medium to form a suspension, and orally administering the suspension to the subject in a single 
dose without administering an additional buffering agent. 

Zegerid™ powder for oral suspension is indicated to be combined with two tablespoons 
of water prior to administration. No additional buffering agent is required. Therefore, claim 94 
reads on the approved product. 

Claim 117. The method of claim 24, wherein the composition further comprises a disintegrant, 
flow aid, lubricant, adjuvant, excipient, colorant, diluent, moistening agent, preservative, and 
pharmaceutically compatible carrier. 

Zegerid™ powder for oral suspension comprises various excipients. Therefore, claim 

117 reads on the approved product. 

Claim 118. The method of claim 24, wherein the composition further comprises a disintegrant, 
flow aid, lubricant, adjuvant, excipient, colorant, diluent, moistening agent, preservative, and 
pharmaceutically compatible carrier. 

Zegerid™ powder for oral suspension comprises various excipients. Therefore, claim 

1 1 8 reads on the approved product. 
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Section 10: Relevant dates and information pursuant to 35 U.S.C. 156(g) to enable a 
determination of the applicable regulatory review period. 



1. November 10, 1994 

2. December 3, 2002 

2. August 15, 2003 

3. June 15,2004 



Effective date of IND Application No. 46-656. 
Date of Issuance of U.S. Patent No. 6,489,346. 
Submittal date of NDA No. 21-636. 
Date of approval of NDA No. 21-636. 
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Section 1 1 : Brief description of the activities undertaken during the applicable regulatory review 
period with respect to the approved product and significant dates applicable to such activities . 

Santarus, the marketing applicant, undertook development of this product to establish, by 
adequate and well-controlled clinical trials, its safety and effectiveness for short-term treatment 
of active duodenal ulcer, treatment of heartburn and other symptoms associated with GERD, 
maintenance of healing of erosive esophagitis, and short term treatment of erosive esophagi tis. 

The following is a chronology of the activities undertaken by Santarus during the 
applicable regulatory review period: 

Regulatory Review Period Activities for IND 46-656 



Type of 
Corresnon den ce. 


Date 


Contents 


Original IND 


11/10/94 


Submitted clinical study 


Annual Report 


2/21/96 


As per 21 CFR 312.33 


Annual Report 


1/27/97 


Study publication in Crit Care Med 1996:24:1793 


Annii$i1 l^pnorl* 


3/27/98 


AsDer21 CFR 312 33 


Annual Rpnnrt 


2/12/99 


Clinical undate on SOS 


Annual Report 


2/18/00 


Submitted study of SOS 


Amendment 


4/12/00 


Submitted information regarding SOS preparation 


Amendment 


1/31/01 


Letter from University of Missouri to FDA indicating transfer 
of IND to Santarus 


Amendment 


2/2/01 


Letter from Santarus to FDA acknowledging transfer 


Letter from FDA 


2/8/01 


Letter from FDA acknowledging transfer of IND 


Phone Contact 


2/8/01 


Conference with FDA regarding timing for subsequent 
discussions regarding clinical development program 


Amendment 


2/26/01 


Letter to FDA regarding clinical studies and CMC 
information 


Phone Contact 


4/23/01 


Phone call from FDA regarding ChocoBase 


Phone Contact 


4/26/01 


Discussion regarding open-label study 


Letter from FDA 


6/14/01 


Letter from FDA regarding the submission of IND Annual 
update 


Annual Report 


6/20/01 


As per 21 CFR 213.33 


New Protocol 


7/6/01 


Clinical Amendment: New study, OSB-IR-COl; Sensory 
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Type of 


Date 


Contents 


CMC 
Amendment 




benchmarking and excipient formulation development for 
OSB-IR CMC Amendment: DMF for API supplier 


j^eiicr irum ruA 


7/1 7/01 


Letter from FDA denying request for a waiver of the 30 day 
waiting period 


CMC 
Amendment 


7/23/01 


Santarus response to reviewer questions 


Amendment 


8/31/01 


Pre-Phase 3 Meeting 


Fax from FDA 


9/14/01 


Fax from FDA confirming the October 30th meeting 


Amendment 


1 l/O/Ul 


Submission of Santarus October 30th pre-Phase 3 meeting 
minutes 


Letter from FDA 


11/19/01 


Letter from FDA acknowledging receipt of change of address 


Clinical 
Amendment 


1 /I ^/oo 


rircift r^liniral Pmtnml JinH OiiPQtinri^ 


Letter from FDA 


1/15/02 


Receipt of FDA version of October 30, 2001 meeting minutes 


Clinical 
Amendment 


2/4/02 


Additional clinical questions regarding C02 PK/PD study 


Phone Contact 


2/11/02 


Request for teleconference with FDA regarding Phase 3 study 
questions 


Fax from FDA 


3/22/02 


Fax from FDA documenting the Agency's response to 
meeting questions 


Letter from FDA 


3/25/02 


Minutes of teleconference with FDA regarding questions 
about the C02 & C03 trials 


Clinical 
Amendment 


j/ZO/UZ 


Sponsor response to issues from FDA March 25th 2002 
teleconference 


CMC 
Amendment 


A/A /no 

4/4/ UZ 


v^iviv^ upuaie in ^uppuri Ul r llaoC D aiuuy 


New Protocol 


4/5/02 


New protocol: OSB-IR-C02; new PI 


Change in 
Protocol 


A/1 1 /n9 

4/ 1 1/UZ 


Protocol Amendment 1 - OSB-IR-C03: Transfer of sponsor 
responsibilities for C03 study 




4/18/02 


Proposed Pediatric Study Request: study summary for 
pediatric study OSB-IR-C04 


New Investigator 


5/1/02 


New investigator for protocol OSB-IR-C02 


CMC 
Amendment 


5/10/02 


Analytical test results and DMF authorization letter 
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TvDe of 
Correspondence, 


Date 


Contents 


New 


5/23/02 


New Principal Investigators (Pis) for OSB-IR-C03 


T Mii^r frnm FHA 




T ptter from FDA reauestinp resnon^es to four CMC ciiiestion^ 


Annual Report 


5/31/02 


IND Annual Report 


Updated IB 


6/4/02 


Updated IB 


New Protocol 


6/4/02 


New protocol - OSB-IR-C05 


Change in 
Protocol 


6/14/02 


Protocol Amendment 1 - OSB-IR-C02 


ilCTT 

Investigators 


7/3/02 


New Pis for OSB-IR-C03 


\_^UitUgC 111 

Protocol Clinical 
Amendment 


7/12/02 


OSR-TR-r02 - Protocol Amendment 2 and Statistical 
Analysis Plan; Administrative Analysis Plan for Phase 3 
Study OSB IR-C03 


Meeting Request 


7/24/02 


Meetine reauest to discuss 505n3¥2') NDA based on PK/PD 
data 


Letter from FDA 


7/31/02 


Fr)A i^^iied a letter to Santarus reauestine Santarus review 
the SAN-05 COB protocol to determine whether it should be 
registered in the Clinical Trial Data Bank 


New 
Investigators 


8/1/02 


New Pis for OSB-IR-C03 


Letter from FDA 


08/13/02 


FDA issued a letter giving comments & recommendations 
referring to the IND and 3/26/02 and 4/18/02 Amendments 


CMC 
Amendment 


8/19/02 


Response to June 2, 2002 FDA CMC questions 


New 
Investigators 


9/09/02 


New Pis for OSB-IR-C03 


CMC 
Amendment 




AmenHmpnt for O^R-rR-POfi Pha<;p 1 


New Protocol - 
C06 


09/18/02 


New Protocol OSB-IR-C06 


Letter from FDA 


09/23/02 


Receipt of FDA version of March 25, 2002 meeting minutes 


Letter from FDA 


10/10/02 


Letter from the FDA: response to the Proposed Pediatric 
Study Request; study summary for pediatric study OSB-IR 
C04 


Feedback 


10/11/02 


Pre-NDA Request for Feedback 
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Tvnp nf 

Correspondence. 


Date 


Contents 


Request 






Feedback 
Request 


11/15/02 


Letter to the FDA: requesting a feedback on proposed 
trademarks for OSB-IR 


New 
Investigators 


12/03/02 


New Pis for OSB-IR-C03 


Clinical 
Amendment 


12/11/02 


*?tati<:tiral Analv<;is Plan for Studv 0SB-TR-C05 & OSB-IR 
C06 


Letter from FDA 


12/31/02 


x:L^r\. iooUwV4 <x i^itwi \\J ocuiicULiD iwuuvdviii^ cui veil UO iWlWVV 

the SAN-05 C06 new protocol to determine whether it should 
be registered in the Clinical Trial Data Bank 


Pre-NDA CMC 
Meeting Request 


01/24/03 


Letter to the FDA requesting a CMC Type B meeting in 
March 


Pre-NDA CMC 
Additional. Data 


UZ/Uj/UJ 


Letter to FDA giving additional PK/PD data requested at the 
January 27, 2003 meeting 


Fax to FDA 


02/04/03 


Faxed a copy of the Letter to FDA giving additional PK/PD 
data sent 02/03/03 to the FDA 


fNew investigator 


\jZf\J f l\JD 


Mpw PTq fnr O^R-TR-POl 


Pre-NDA CMC 
Meeting 
Background 
Package 


omim 


Pt-o mp^ptino ViQplrorminH napVnop in nrpnaratinn fnr tViP lV4arrli 

20, 2003 pre-NDA CMC meeting regarding OSB-IR 


Fee Waiver 
Request 




Request for small business fee waiver 


Response to Fee 
waiver Kequesi 




FDA acknowledgment letter sent in response to the Small 

"Rncini^cc AA/qix/pt* ^anfjiTiic* T?pnilPQt 
x3UolIlCdO WalVCI OollLalUD JXCL[Uval 


US SBA Letter: 
Requirements 

for Size 
Determination 


03/10/03 


US SBA (Small Business Administration): letter explaining 
the requirements for qualifying a small size business, 
including Application for Small Business Size Determination 
Form 


Fax from FDA 
Answers to Pre- 
NDA CMC 


03/18/03 


FDA answers to the Pre-NDA CMC meeting 


Santarus 
answers to US 

SBA - Size 
Determination 


03/24/03 


Santarus letter sent to US SBA re: Requirements for a small 
size business determination 
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Type of 
Correspondence. 


Date 


Contents 


FDA Fax: 

Oct 11, 2002 & 
Amendment 


03/26/03 


FDA fepHhanlc ahmit the TNT) ^uhmi^^ion Pre NT) A clinical 
feedback 


Letter from FDA 


03/26/03 


FDA feedback about the ESHD submission, Pre NDA clinical 
feedback (received 03/28/03.) 


Letter from US 
SBA 


03/27/03 


Additional information request for the NDA small business 
fee waiver 


Letter to US SBA 


'03/28/03 


Tnfnrmatinn rpniiecfpH for Qmall hiiQineQ^ fee waiver ^ent to 

US Small Business Administration 


Request for Tele- 
conference with 


04/03/03 


Request for Teleconference with FDA following the answer 
from FDA 03/26/03 


US SBA Letter 
/vccepiaiion oi 
Small Business 
Status 


04/07/03 


T f^Hf^r "inHiratinQ tVint ^5»TitariiQ waq HetermineH to He a ^mall 

business 


Letter from FDA 


04/15/03 


FDA minutes of the 20 Mar 03 CMC meeting (received by 
Santarus on 05/02/03). 


New 
Investigators 


04/22/03 


Protocol Amendment: New investigators and subinvestigators 
for study OSB-IR-C03. 


Letter to HHS 


05/09/03 


Registration of Drug Establishment and document with 
Receipt date returned to Santarus by HHS 


DaCKgruunu 
Package 


05/13/03 


Background Package for June 10, 2003 meeting 


Letter from 
ruA* tjaDeier 
code No: 68012 




T ettf^r frnm FT) A • T aheler rnHe No* ^^ROI 9 


Amendment to 
Background 
Package 


05/23/03 


Amendment to June 10 Premeeting Background Package 


Annual Report 


05/30/03 


Annual report sent to FDA. 


Fax from FDA 


06/06/03 


FDA answers to questions for June 10 meeting. 


FDA Letter: 
Answers to 
Questions Meet 


06/09/03 


FDA letter: answers to questions for June 10 meeting 


New 


06/26/03 


Clinical Amendment: New investigators for study OSB-IR 
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Type of 


Date 


Contents 


Investigators 




C03. 


June 10 Meeting 
Minutes 


07/14/03 


Letter from FDA: Official minutes of June 10 meeting 


Amendment 


07/22/03 


Statistical Analysis Plan for OSB-IR-C03 


Request for 
Information 


\jy/ I v/VyJ 


r^A/ff^ rpniip^t fnr infnrmatinn re* content and format etc 


Protocol 
Amendment New 
Investigator 


10/08/03 


Clinical amendment: Protocol Amendment 1 for OSB-IR-C07 

oIlU new UlVCoU^alUl 


Nev*^ Investigator 


11/18/03 


Clinical amendment: new investigators for OSB-IR-C07. 


Statistical 
Analysis Plan 


11/21/03 


Clinical Amendment: Statistical Analysis Plan for OSB-IR 
C07. 


L/Ctter irom rUA 
CMC Response 


12/02/03 


Response to CMC questions asked during 6/10/03 meeting 


j^etier irom r mjj\ 
OSB.IR-C07 
Protocol 


12/18/03 


Response to the Clinical Trial Protocol OSB-IR-C07 

ci ihmitt pH on 1 0/8/01 

oUUIIllllCU UIl l\J/0/\JJ 


Clinical Reports 


04/02/04 


Clinical Amendment requesting Agency to refer to the NDA 
21-636 for the Clinical Trials Reports of C02, COS and C06 


Annual Report 


05/25/04 


Annual Report including a new Investigator's Brochure 


Regulatory Review Period Activities for NDA 21-636 


Type of 
Correspondence. 


Date 


Contents 


Letter to FDA: 
Original NDA 


08/14/03 


Original New Drug Application 


Letter to FDA: 
Extra desk copies 


08/18/03 


3 extra desk copies of Module 1 sent to FDA 


Letter to FDA: 

Paper Review 
Copies 


09/09/03 


3 copies of Module 2, 3 copies of Module 5 and 1 copy of 
Module 3 sent to FDA 
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Type of 
CorresDondence. 


Date 


Contents 


Letter from FDA 


09/29/03 


Letter stating the receipt of the application 


Patent 

Certification 


10/15/03 


Certification letter of the patent notification to interested parties 
of our ND A filing 


Fax from FDA 

Filing Review 
Letter 


10/24/03 


Fax fi-om FDA acknowledging the filing review letter 


Letter to FDA 


11/07/03 


Documentation of return receipts of notice of Paragraph FV 
patent certification, as per 21 CFR 314.52(e) 


Letter from FDA 


11/14/03 


Letter irom ruA - riling Review - bent 10-24-03 


Patent 
Information 

003 


12/09/03 


Patent information sent to FDA 


Safety Update 


01/07/04 


1 20-Day Safety Update sent to FDA 


Response to FDA 
FHinp Lpttpr 


01/15/04 


Response to FDA filing review letter 


Fax from FDA- 
CDR 


01/20/04 


Letter from FDA CDER Electronic Document Room Staff 
regarding Amendment previously submitted 


E-mail to FDA 


01/29/04 


E-mail to FDA conceming the trade name for OSB-IR 20 mg 


FflY from FDA 

I aA IIVlll R AJr^ 


02/09/04 


FDA fayed the letter with Tradename and lahehnp comment*? 


FDA Letter 


02/16/04 


FDA letter with Tradename and labeling comments 


DP Stability 

f InHsifp 


02/18/04 


Letter to FDA with the Drug Product Stability and Specificatioi 
T In date 


Proposed 

T .itliplino 


02/24/03 


Letter to FDA regarding Proposed Labeling Text sent on a CD 


FDA Letter 


03/01/04 


Information Request Letter regarding the CMC section 


FDA Letter 


03/01/04 


Recommendation for Labeling: organization of the Clinical 
Pharmacology 


Response to Disc 
Rev Letter 


03/02/04 


Letter and CD-ROM sent to Doc Control Room with Santarus 
response to February 9, 2004 Discipline Review Letter 


Stability Update 


03/11/04 


Letter to FDA: Stability update 
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Tvoe of 
Correspondence. 


Date 


Contents 


FDA Fax 


03/18/04 


Fax from FDA: CMC Discipline Review Letter 


Final Labeling 


03/22/04 


Letter to FDA: Final Labeling 


FDA Letter 


03/22/04 


Letter from FDA: CMC Discipline Review Letter 


Patent 
Information 


03/30/04 


Letter to FDA: new patent information, Form 3542a 


CMC & Labeling 


04/05/04 


Letter to FDA: Complete Response to March 16, 2004 
Discinline Review Letter included CMC and Labeling sections 


Fax to FDA 


04/07/04 


Fax sent to FDA: Complete Response to March 16, 2004 
Discipline Review Letter, included only the CMC section 


Revised PI 


04/09/04 


Letter to FDA: Revised Prescribing Information 


E-mail to FDA 
Labels 


04/14/04 


E-mail to FDA with nacket and carton labels 


Follow-up to 15 

Apr 04 
Teleconference 


04/19/04 


Letter sent to FDA with the Follow-up to 15 April 04 CMC 
Teleconference 


Proposed 
Revisions to 
Labehng 


04/20/04 


Letter to FDA with the Proposed Revisions to Labeling. 


Fax from FDA 

Labeling 
Comments 


04/22/04 


Fax from FDA: Comments about the Labeling for the 
Teleconference that will be held with FDA on April 26, 2004 


Hi-mail Irom tuA 


A/I I^(^IC\A 


Labeling: Word version of FDA revision of Prescribing 
Information after teleconference meeting on April 26, 2004 


Prescribing Info 


04/27/04 


Letter to FDA: Prescribing Information - New draft 
incorporating comments made at April 26, 2004 Labeling 
Teleconference 


Revised Labeling 


05/13/04 


Revised Labeling: revised packets and cartons labeling (color 
labels) 


E-mail from FDA 


05/14/04 


Labeling: Word version of FDA revision of Prescribing 
Information response to prescribing information sent on 4/27/0^ 


Revised Labeling 


05/18/04 


Revised Labeling: prescribing information in pdf and Word 
fomiat, packets and labels in Word format 
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Type of 

r^nrresnondencfi 


Date 


Contents 


Letter from FDA 


05/20/04 


Resoonse to Amendment dated March 2 2004 Trade Name 
and labeling 


E-mail form FDA 


05/25/04 


DMETS comments to sponsor regarding the Trade Name 


Brieflng Package 


05/28/04 


for June 7, 2004 meeting with FDA regarding Trade Name 


F-msiil from FDA 


06/02/04 


Ren nested a conv of* amendment to naraffranh TV certification 


Fax from FDA 


06/04/04 


Responses to questions for the June 7, 2004 meeting 


I^ax from rDA 


Uo/U //U4 


CDER Electronic Document Room Staff: request for 
resubmission of amendment submitted 5/28 


Background Info 
for June 7, 2004 

irlCCilllg 


06/07/04 


Background information given to FDA including: PI dated 
May 18, 2004, PI dated June 04, 2004, Labels and PI of eight 

othpT dm PS 


Agenda 


06/07/04 


June 07, 2004 meeting FDA agenda 


E-mail from FDA 


06/10/04 


FDA Final Label 


E-mail to FDA 


06/11/04 


Final Label (Package Insert) for "Rapinex" with edits 


E-mail to FDA 


06/14/04 


Carton and Trade Labels without the Trade Name "Rapinex" 


FDA Fax 


06/15/04 


Approval Letter and Final Printed Labeling (FPL) 


FDA Approval 
Letter 


06/15/04 


Approval Letter and Final Printed Labeling (FPL) 
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Section 12: Patent eligibility and the length of extension claimed . 

U.S. Patent No. 6,489,346 is eligible for extension for 433 days since: 

(a) It claims (1) the approved human drug product Zegerid™, and (2) the use of the 
approved human drug product; 

(b) The term of said patent has never previously been extended; 

(c) This application is submitted by the owner of record of the patent, The Curators 
of the University of Missouri; 

(d) The product has been subject to regulatory review prior to the commercial 
marketing or use under Section 505(b)(2) of the Federal Food, Drug and Cosmetic 
Act; 

(e) The product received permission for commercial marketing or use on June 15, 
2004, and the application has been submitted within 60 days from that date; 

(f) The permission for commercial marketing or use of the product is believed to be 
the first permitted commercial marketing or use of the product under the provision 
of the Federal Food, Drug and Cosmetic Act under which the regulatory review 
period occurred; 

(g) The term of the patent has not expired prior to this date of application; and 

(h) No other patent term has been extended for the same regulatory review period for 
this product; 

(i) As shown in the Declaration of David C. Yeomans, Ph.D., attached herewith, both 
a synergy and a pharmacological interaction exists between omeprazole and 
sodium bicarbonate. As discussed above, according to the M.P.E.P., an approved 
drug product having two or more active ingredients which are shown to have a 
synergistic effect or a pharmacological interaction should be considered to have a 
single active ingredient made of the two active ingredients. The term "active 
ingredient" is defined in the M.P.E.P. (§2752, page 2700-3 1 ) to be "the 
ingredient in the drug product that becomes therapeutically active when 
administered." Applicant submits that it is the combination of omeprazole and 
sodixmi bicarbonate that becomes therapeutically active for the approved uses of 
Zegerid™. 
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The original expiration date of the patent from which the patent term extension will run is 
July 16, 2016 (as limited by a terminal disclaimer based on U.S. Patent No, 5,840,737). 
The length of extension claimed is 433 days and was calculated as follows: 

A regulatory review period (per 37 C.F.R. § 1.775(c)) of 3518 days was calculated as the 

sum of: 

(1) the number of days from the filing of IND No. 46-656, November 10, 1994, to the 
filing date of the NDA, August 15, 2003, or 3214 days; and 

(2) the number of days from the filing date of the NDA, August 1 5 2003, to the date 
of approval of the NDA, June 15, 2004, or 304 days. 

The term of extension is generally determined under 37 C.F.R. § 1.775(d) by subtracting from 
the number of days determined to be the regulatory review period, the following: 

(i) The number of days in the regulatory review period which were on or before the 
date on which the patent issued, which in this case is 2943 days (from November 
10, 1994 - December 3, 2002); 

(ii) The number of days in the regulatory review period in which it is determined that 
the marketing applicant did not act with diligence (zero); and 

(iii) One-half of the number of days remaining in the period defined by 37 C.F.R. § 
1.775(c)(1) after that period is reduced in accordance with 37 C.F.R. §§ 
1.775(d)(l)(i) and (ii). 

Importantly, the date to which the patent may be extended cannot exceed the earlier of 14 
years from the date of approval of the NDA, or for patents issued after September 24, 1984, five 
years from the original expiration date of the patent. 

Assuming there is a determination that there are no periods in which the marketing 
applicant failed to act with due diligence, the calculation under 37 C.F.R. §§ 1.775(d)(1) is as 
follows: 
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3507 The regulatory review period is calculated as the period 

starting on November 10, 1994 [day 1] up to and including 
June 15, 2004 [day 3507]; 

- 2946 The period starting on November 10,1 994 [day 1 ] up to and 

including December 3, 2002 [day 2946]; 

- 0 No lack of due diligence is assumed; 

- V2 (3202-2946) 0.5 x (the period beginning on November 10, 1994 [day 1] 

up to and including August 15, 2003 [day 3202] - the period 
beginning on November 1 0, 1 994 up to and including 
December 3, 2002). 

"433 

This number of days does not exceed five years and the record clearly indicates that 
Applicants were diligent. Therefore, Missouri submits that the term of U.S. Patent No. 
6,489,346 should be extended for 433 days, from July 16, 2016 to September 22, 2017. 

Section 13: Dutv of Disclosure . 

The applicant hereby acknowledges the duty to disclose to the Commissioner of Patents 
and Trademarks and the Secretary of Health and Human Services or the Secretary of Agricultxire 
any information which is material to the determination of entitlement to the extension sought. 



Section 14: Fees . 

The prescribed fee of $1,120.00 for receiving and acting upon the application for 
extension should be debited from Deposit Account No. 13-0019. If additional fees are required, 
authorization is made to charge such fees to Deposit Account No. 13-0019. 



Section 15: Correspondence Address . 

Inquiries and correspondence should be addressed to: 

Joseph A. Mahoney, Esq. 
Reg. No. 38,956 

Mayer, Brown, Rowe & Maw LLP 
P.O. Box 2828 
Chicago, IL 60690 
(312) 701-8979 
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Section 16: Copies . 

The original and two (2) duplicate copies of this application are being submitted pursuant 
to 37 C.F.R, § 1.740(b) and it is hereby certified that the copies are identical to the original. 

Section 17: Declaration . 
The undersigned: 

1 . Is a patent attorney authorized to practice before the Patent and Trademark Office 
who has general authority from the owner of record of U.S. Patent No. 6,489,346 
to act on behalf of the owner in patent matters; 

2. Has reviewed and understands the contents of the application being submitted 
pursuant to 35 U.S.C. § 156 and 37 C.F.R. § 1.740; 

3. Beheves U.S. Patent No, 6,489,346 is subject to extension pursuant to 37 C.F.R. § 
1.710 and35U.S.C. § 156; 

4. Believes an extension for 433 days, the length claimed, is justified under 35 
U.S.C. § 156 and the applicable regulations; and 

5. Believes the patent for which the extension is being sought meets the conditions 
for extension of the term of the patent as set forth in 37 C.F.R. § 1.720. 
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Any questions concerning this application may be directed to the below noted attorney. 



CUSTOMER NUMBER 26565 
MAYER, BROWN, ROWE & MAW LLP 

P.O. Box 2828 
Chicago, IL 60690-2828 
Telephone: (312) 701-8979 
Facsimile: (312)706-9000 



Enclosures: 

Attachment 1 : FDA Approval Letter. 
Attachment 2: U.S. Patent No. 6,489,346. 

Attachment 3: Maintenance Fee schedule in respect of U.S. Patent No. 6,489,346. 
Attachment 4: Terminal Disclaimer filed in respect of U.S. Patent No. 6,489,346. 
Attachment 5: Two Certificates of Correction filed in respect of U.S. Patent No. 6,489,346. 
Attachment 6: Declaration of Dr. David C. Yeomans (including Exhibits A - H). 



Respectfully submitted, 



By: Mayer, Brown, Rowe & Maw LLP 




Joseph A. Mahoney, Reg. No. 38,956 
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Food and Drug Administration 

Center for Drag Evaluation and Research 

Office of Drag Evaluation in 



FACSIMILE TRANSMITTAL SHEET 



DATE: June 16, 2004 



To; Qgistine S^mna^wM^ Wmrm n 


Prom: Paul E Levine, Jr, P J)., J,D. — 


Compuiy; Santaius, Inc. 


Division of bhrisioa of Gastroiotestinai & 
Goagnlatxm Drug toducts 


Fazmimber; 858-314-5701 


Tax number: (301) 827-1305 


Phone number: 
Subject: Certification Fonn 


Phone number. 301^3-8347 . 


Total BO. of pages Inclnding oov«r: 17 





Cosuneats; 



Dociunent to be mailied: 



□YES 



ETNO 



Jo^'ii^^tlfJ^S^^' P<:'»on fUtto'^d to deliver this document to the addressee, 
S ♦hTJ^^S'il'S^ ""^ *«»'wiire, dissemTnation. copying, or other acHonb«>ed 

on the content of this communication is not authorized, if you have reihSd lh^doi5S*«* 
error, please noti^ us Immediately by telephone at (301) 82^W1a "SJa^k 
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DEPARtMENT OF HEALTH Sc HUMAN SERVICES PubDcHealth:Sente 

Food and Drug AdmNstmtion 
Rodevafe.MD 20857 



NDA21-636 



Santarus, Inc. 

Attentioa: Chnstbe Simmons, FhannJ). 
10590 West Ocean Air Drive, Suite 200 
San Diego, CA 92130 



Dear Dr. Sinunons: 

Please refer to your new dmg application (NDA) dated August 14, 2003, received August 15, 2003, 
submitted pursuant to section S02(b)(2) of tbe Federal Food, Drug, and Cosmetic Act for Zcgerid 
(oznq>razolc) Powder for Oral Su^ension, 20 mg. 

Wc acknowledge receipt of your submissions dated DecembM- 9, 2003; January 7 and 15, February 9, 
13, 19, and 26, March 2, 1 1 , 16, 22, and 30, April 5 9, 15. 19, 20. and 26, May 1 1, 13. 18, 19, and 28, 
June 2, 8, and June 14, 2004. 

This new drug s^lication provides for fht use of omeprazole powder for suspension 20 for shoit-tcxm 
treatment (4-8 wks) of active duodeoal ulcer; treatment of heaztbum and oflier syzzqptoms associated 
witb gastroesophageal reflux disease (GERD); sihoxt-tetm treatnoent (4-8 wks) of erosive espphagitis 
which has been diagnosed by endoscopy; and mafntffnaTtce of healing of erosive esophagitis. 

We eonspleted our review of this application, as amended. It is apinx)Yed. effective on the date of this 
letter, for use of Zegerid (omeprazole) Powder for Oral Suspension, 20 mg, as recommended in the 
agreed-upon labeling text. 

The final printed labcUng (FPL) must be identical to the enclosed labeling (text for die package insert) 
and submitted labeling (inimcdiate container and carton labels submitted June 14, 2004). Marketing 
the product(s) with FPL that is not identical to the &pptovtd labeling text may render the products 
misbranded and an unapproved new drug. 

Tbe electronic labeling rule published Decembex 1 1, 2003 (68 FR 69009) requires submission of 
labeling content in dectronic format e&cdve June 8, 2004. For additional information, consult the 
following guidances for industry r^arding dectronic submissions: Providing Regulatory Submissiom 
in Elecironic Format- NBAs (January 1999) md Providing Rsgulatory Subinissions in electronic 
Format^ Content of Labeling (February 2004). The goidances specify tiiat labeling to be submitted in 
pdf fovn^l To assist m our review, we request that labeling also be submitted in MS Word format If 
formatted copies of all labeling pieces (i.e. package insert, patient package insert, container labels, and 
carton labels) are submictcd electronically, labeling does not need to be submitted in paper. Approval 
of this submission by FDA is not required before tbe labeling is used 

All applications for new active ingredients, new dosage formS) new indications, new routes of 
administration, and new dosing regimens are required to contain an assessment of the safety and 
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TTOA 21-636 
Page 2 

e^ctivcDcss of the product m pediatric padentsim^ Weait 
deferring subniissioii of your pediatnc studies for ages 2 to 16 years unti] July 15, 2007. 

Your defened pediatric studies for OERD (synxptosoatic QERD and Erosive Esopbagitis) required 
under section 2 of Hie Pediatric Researcb Equity Act (PREA) are considered required postmarketing 
study coxmnitments. Hie statuses of these postxnaiketixig studies shall be reported annually according 
to 21 CFR 314.81. These comznitments axe listed below. 

1) Single axidmulriple-doseidiarmacoIdneticsCPKXphan^ 
pediatric patients aged 2 to 11 years. 

Protocol submission by: December 1 5, 2004 (6 mos. post-approval) 
Study start; July IS, 2005 (1 year post-approval) 

Final rqiort submission: July 15,2007(3 years post approval) 

2) Single and iDdtiple-dosephannacokinmics(PK),pharoacodyii£uiu 
pediatric patients aged 12 to 1 6 years. 

Protocol submission by: December 1S< 2004 (6 mos. post-apjHoval) 
Study start: July 1 5, 2005 (1 year post-approval) 

Final report submission: July 15, 2007 (3 years post approval) 

Submit final study reports to this NDA. For administrative purposes, all submissions rented to - 
ttiis/these pediatric postmaxketing study commitment(s) must be clearly designated '^Required 
Pediatric Study Commitments''. 

Please submit one nmiiket package of the dmg product when it is available. 

V^e remind you that you must comply with reporting requirements for an approved NBA (21 CFR 
314.80 and314.81). 

If you have any questions, call Susan Daughcrty, Regulatory Project Manager, at (301) 227-7456. 



Sincerely. 

{See ^ppaiidcd electronic slgmitunpa^fi) 

Robert L, Justice, M.D., M.S. 
Director 

Division of Gastromtestinal and 
Coagulation Drug Products 
Office of Drug Evahiation in 
Center f<7 Drug Evaluation and Research 



Enclosure: Labeling 
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NDA 21-636 
Page 3 



Zegeiid (omeprazole) 
Powder for Oral Suspension 



DESCRIPTION 

Thd acUve tngredtent in ZdgmUi (omeprazote) powder for oral suspena'Gn, is a substituted benzimldazot^, 5- 
methfl)c/-2-[[(4-methoxy-3, 6-dlmeflhyl-2-pyridinyO methyl]5UffinyI]-1H-bem:ImldazoIe, a raeemic mbdure of two 
enantlomers that inKbita gastric add secretion, tts empMcat fbrmuia b CirHigKUQjS. wfth a molecular weight of 
34S>42. The stmcturalfbnnuia Is: 



Omeprazole Is a white to cff-^ite crysteiOne powder which melts with decomposition at about 165*C. It is a 
weak base, treely soluble In ethanol and methanol, and slightly soluble In acetone aruj isopropanol and very 
slightly soluble in water. The stabQJV of omeprazole is a Amction of pH; it is rapidly degraded in acid media, but 
has acceptable stability urtder aOcaline conditions. 



Zegerfd Powder for Oral Suspension is supplied in unftdose packets as an Immediate release fbmrujlation to be 
constituted with water for oral administration. Eadi packet contains 20 mg of omeprazole and the following 
exdptents: sodium bicarbonate, sucrose, sucraksse. xanthan gum. xylHol, and flavorings. 

CUNICAL PHARIUIACOLOGY 

Omeprazole is add lablls and thus rapidly degraded by gastric add. ZegerkJ Powder for Oral Suspension is an 
immediate-retease formulation that contains sodium bicarbonate to protect omeprazole from add degradation. 

Pharmacokinetics: 

AbsorpUon 

When Zegerld is administered on an empty stomach 1 hour prior to a meal, absorption of omeprazole is rapid. ' 
with mean peak plasma levels of omeprazole occurring at around 30 minutes (range 10 to 90 mjnutes) after a 
single dose or repeated once-<My administration (see figures below). 



Following single or repeated onoe dally dosing, peak plasma concentrations of omeprazote from Zegerld are 
approximately ptioportional from 20 to 40 mg doses, but a greater than linear mean AUG (three-fbtd increase) is 




Mean Plasma Omeprazote Concentrations (Days 1 and 7" ! 




The AUC(0-lrl)(ng*hr/mL) was 1446 after 7 days of 20 mg daily doses and the Tmax was approximately 30 
minutes. 
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obseived when doubling ttie dose to 40 mg. The btoavailabnity of omeprazole from Zegerid Powderfbr Oral 
Suspension increeses upon repeated administration of Zegerid. 

Phannacoklnettc Parameters of Zegerid Following 
Oral 20 mg Once-Daily Dosing for 1 and 7 Day$ 



Parameter 


Dayl 


AUC(CWnf)(n8*hTymL) 


825 


Coefiident of varia^on 


72% 


Cmax (ng/mL) 


672 


Coefnclent of varfation 


.44% 


Tmax (min) 


29^ 


VA(hT) 





Values represent arithmetic means. 



Parameter 


Dav7 


AUC(0-inf) (ogtinrmL) 


1446 


Coefficient of vsnetion 


61% ' 


Cmax (ng/mL) 


902 


Coe^ent of variation 


40% 


Tmax (mln) 


2a.3 


TAihT) 


1,08 



Values represent arithmetic means. 

When ZegerW Is edmlnlstered 1 hour after a meel, Cmax and AUC are reduced by 63% and 24%, respectively, 
relative to administration prior to a meal. 

DistrfbuUon 

Omeprazole Is bound to plasma proteins. Protein binding is 6ppro)dmatety 85%. 
Metaboiism 

Absolute bioavailability (compared to tntravenous administration) Is about 30*40% at doses of 2040 mg. due In 
large part to pre-systemic metabolism. 

In healthy subjects, the mean plasma hatf^tfe Is 1 hour (range 0.4 to 3.2 hours)^ and the total body clearance Is 
SoiaOO mUnvn. 

Fotlowing single dose oral administration of omeprazolB, little If any unchanged drug is arreted In urine. The 
majority of the dose (about 77%) is eliminated in urine as et least six metabolites. Two metabolites have been 
identified as hydroxyomeprazole and the con-espondlng carbooQrtlo add. The remainder of the dose was 
recoverable in feces. This implies a significant biliary excretion of the metabolrtes of omeprazole. Three 
metaboQtes have been identified in plasma — the sulfide and sutfone derivatives of omeprazole, and 
hydroxyomeprazole. These metabolites have very little or no antisecretory activity. 

Special Populations 

GerfeWc 

The elimination rate of omeprazole was somewhat decreased In the dderly. and Koavallabllfty vras increeaed. 
omeprazole was 76% bbavaOable when a single 40 mg oral dose of omeprazole (buffered solution) was 
administered to healthy elderiy subjects, versus 55% in young subieds given the same dose. Nearly 70% of the 
dose was reoovered in urine as metabolites of omepnazole and no unchanged drijg was detected. The plasma 
cleamnoe of onfteprazole was 250 mL/rnin (about half thai of young subjects) and its plasma half-ilfe averaged 
one hour, similar to that of young healthy subjects. 



PedlBtric 

The pharmacokinetics of Zegerld have not been studied in patients < 1 8 years of age. 
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(Bender 

TTiore ere no known differences in the abson:^ or excretion of omeprazole between males and females. 
Hepatk:insufBa'ency 

In patients with chronic hepatic disease, the bioavellabDity of omeprazole Increased to appro^dmateiy 100% 
compared to an I.V. doee, reflecting decreased fiTEt-pass effect, and the mean plasma half-Rfe of the drug 
Increased to nearly 3 hours compared to the mean hatf-life of 1 hour in healthy 8ul:4ect9. Plasma clearance 
averaged 70 mUmin, compared to 8 value of 500-600 mumln in nomial subjects. 

Ker7a//nsufl7cfe/)cy 

In patients with chronic renal Impaimtent, whose creatinine clearance ranged between 10 and 62 mL/mln/1 J3 
m2, the disposition of omeprazole was ve7 similar to'thact In healthy volunteers, although there was a slight 
Increase In bioavailabitity* Because urinary excretion is a primary route of exoretion of omeprazole metatx)lTte8. 
their elimination slowed in proportion to the decreesed creatinine clearance. 

A^Bns 

In pharmacokinetic studies of single 20 mg omeprazole doses, an Increase In AUC of approximately four foM 
was noted in Asian subjects compared to CaucasCans. 

Dose adjustment, particuldrly where maintenance of heatlr\g of erosive esophagitfs ie indicated, for^e 
hepatically impaired and Asian subjects should be considered. 

Dmg-Dnjg Inter^cdcns 

When omeprazole 40 mg once dally was given in combination wilh dariihronnydn 600 mg every 8 hours to 
healthy adutt male subjects, the steady-stale plasma concentrations of omeprazole were increased by the 
concomitant adnunistration of clarithromyctn {Cmax, AUC and T1/2 increased 30%, 69%, arxj 34%, 
respectively). 

Phartnacodycttmies 

Mechaf]lsm of Action 

Omeprazole belongs to a class of an^cretcxy compounds, the substituted benzimidazoles, that do not exhibit 
antfcholincf^c or H2 histamine antagonistic properties, but that suppress gastric edd secretion^ specific 
inhlbSion of the H-t-lK*- ATPase enzyme system at the secretory surface of the gastric parietal oelL Because tNs 
enzyme system is regarded as the acid (proton) pump wfthin the gastric mucosa, omeprazole has been 
characterized as a gastric ac^d-pump inhibitor, in that It blocks the final step of acid production. This effect is 
dose-related and leads to Inhibition of both basal and stimulated acid secretion Innespective of the stimulus. 
Animal studies indicate that after rapid disappearance from plasma, omeprazole can be found within the gastric 
mucosa for a day or mors. 

Antisecretory Aoti^ 

Results from a study of the antisecreto^ effiect of repeated once-daily dosing of 20 mg of Zegerid in healthy 
subjects (n ^ 26) is shown betow. 



Effiect of Zogorfd 20 mg on IntraeaBtric pH on Day 7 



Addity(mmgl-hf;i.] 
K Tone Gaslnc pH> i (hauo) 
ModtenpH 



24^icxir period. 



*CodSdentorv«lAUMi 
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The anOsecTBtoiy effect thus lasts Car longer than would be expected from tha very stiort plasma half4lfe 
(1 hour) apparerrtly due to irreversible binding to the pariatal ATPase ertzyme. Repeated single dally oral 
doses of ZegeifdZO mg have produoed nearly 100% Inhibition of 244iour integrated Intragastric acidity in some 
subjects. 

BttBrochrcrrtBfnn-ilkB (ECL) Cell Bfetits 

In 24 month cardiK^enidty studies f n rats, a dose-related significant IncrBase in gastric carcinoid tumors and 
ECi; cell hyperplasia was observed in both mde and female animals (see PRECAUTIONS, Carcinogenesis, 
Mutagenesis. Impalmnent of Fertility). Carcindld tumors have ateo been observed In rats subjected to 
fiindedomy or long4enn trafltment with other proton pump Inhibitors or high doses of H2-feceptor antagonists. 
Human gastric biopsy specimens have been obtained from more than 3000 patients treated with omeprazole in 
long4enn dhical trtets. The incidence of ECL ce!! hyperplasia In these studies Increased time; however, no 
case of ECL cell carcinoids, dysplasia, or neoplasia has been found In these patients. (See also CLINICAL 
PHARMACOLOGY, Pathological Hypersecretory Conditions.) 

However, these studio are of insufffdent duration and size to rule out the poss&le influence of long^rm 
administration of omepnazole on the development of any premalignant or malignant conditions. 



Serum Gastrin Sfacts 

(n studies involving more than 200 patients, senim gastrin levels Increased during the first 1 to 2 weeks of once- 
daity administration of thampeutic doses of omeprazole in parallel with inhit^on of add sacreGon. No further 
Increase in senim gastrin oconred with continued treatment. In comparison with histamine H2-reoeptor 
antagonists, the median increases produced by 20 mg doses of omeprazole were higher (1 .3 to 3.6 fold vs. 1 .1 
to 1.8 fold increase). Gastrin values returned to prstreatment levels, usuafly within 1 to 2 week&after 
discontinuation of therapy. 

Other Effects 

Systemic effects of omeprazole In the CNS. cardiovascular and resplratofy systems have not been found to 
date. Omeprazole, given in oral doses of 30 or 40 mg for 2 to 4 weeto, had no effect on thyroid' function, 
carbohydrate metabotisra ordrculating levels of parathyn^id hormone, cortlscl, estradiol, testosterone, ptolactln. 
choteq^klnln or secretin. 

No effisct on gastrfc emptying of the solid and liquid components of a test meal was demonstrated after a single 
dose of omeprazole 90 mg. In healthy subjects, a single LV. dose of omeprazole (0.35 mg/kg) had no effect on 
Intrinsic factor secretion. No systerr^tic dose-dependent effect has been observed on basal or stimulated pepsin 
output in human& However, when Intragastric pH is maintained at 4.0 or above, basal pepsin output Is low, and 
pepsin activity is decreased. 

As do other agents that elevate intragastric pH, omeprazole administered for 14 days in healthy subjects 
produced a significant increase in the intragastric concentrations of viable bacteria. The pattem of the bacterial 
spedes was unchanged from that commonly found in saliva. All changes resolved within three days of stopping 
treatment 

The course of Bametfs esophagus In 106 patients was evaluated In a U.S. double-blind controlled study of 
omeprazole 40 mg b.i,d. for 12 months fonowed by 20 mg bJ.d. for 12 months or ranitidine 300' mg b.I.d. for 24 
months. No dinically significant impact on Banett's mucosa by antisecretory therapy was observed. Although 
neosquamous epithelium developed during antisecretory therapy, complete elinnlnaf on of Barrett's mucosa was 
not achieved No significant difference was observed between treatment groups in development of dysplasia In 
Barrett's mucora and no patient developed esophageal cardnoma during treatment No significant differences 
between treatment groups were obsen/ed in development of ECL cell hyperplasia, corpus atrophic gastritis, 
corpus Intestinal metaplasia, or colon polyps exceeding 3 mm in dimeter (see also CLINICAL 
PHARMACOLOGY. Enterochromaffin-lilw (Ea) Cell Effects). 
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Clinical Studies 
Duodenal Ulcer Disease 

Active Duodenal Uloer- In a muItlcentBr, double-bOnd, plaoobo controlled study of 147 patients with 
dndoscopiOQily documented duodenal ulcer, the percentage of patients healed (per ^tooo!) at 2 and 4 weeks 
was significantly htghar with omepra^te 20 mg once a day than with plaoetH) (p % 0.01 \ 
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Complete daytime and ni^ittfme patn reUef oocuned signincantly faster (p 5 0.01) in patients treated 
omeprazole 20 mg than in patients treated with ptacetx?. At the end of the study, significantiy more patients who 
had received omeprazole had complete relief of daytime pain (p s 0.05) and nighttime pain (p £ 0.01). 

In a mutticenter. double-blind study of 293 patients with endoscoplcally documented duodenal ulcer, the 
percentage of parents healed (per protocol) at 4 weeks was significantly higher with omeprazole 20 mg once a 
day than mth ranlb'cSne 150 mg bid. (p < 0.01). 
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iHealing occurred significantly faster in patients treated with omeprazole than in those treated with ranitidine 150 
mg b.Ld. (p<0,Ol). 

In a foreign multinational randomized, doiible'^bllnd study of 105 patients with endosooplcaOy documented 
duodenal ulcer. 20 mg and 40 mg of omeprazole were compared to 150 mg bid. of ranitidine at 2, 4 and 8 
weeks. At 2 and 4 weeks both doses of omeprazole were statistically superior ^er protocol) to raniMne, tut 40 
mg was not superior to 20 mg of omeprazole, and at 8 weeks tfiere was no significant diRerencs between any of 
the active dmgs. 
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Gastroesophageal Reflux Disease (GERD) 

Symptomaiic GERD 
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A placebo contndled study was conductsd in Scandinavid to compare tho efficacy of omeprazoie 20 mg or 1 0 
mg once dail/ for up to 4 weelcs In the treatment of hearttxim and other symptoms in GERO patients without 
efx>siv6 esophagttis. Results are shown betow; 
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In a US muitloervter doubfe-blind placebo controlled study of 20 mg or 40 mg of omeprazole In patients wfth 
symptoms of GERD and endoscopically diagnosed ero^ve esophagltls of grade 2 or abovei the percentage 
healing rates (per pmtocol) were as follows: 
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in this study, the 40 mg dose was not superior to the 20 mg dose of omeprazole in the percentage healing rate. 
Other cmtroBed clinical trials have also shown that omeprazole Is effective In severe GERD. in comparisons 
with histamine H2-rec6ptor antagonists in patients wtth erosh^e esof^gftls, grade 2 or above, omeprazole in a 
dose of 20 mg was significantly more effective than the sctive ccmtrols. Complete daytime and nighttime 
heartburn relief occurred significantfy feister (p < 0.01) in patients treated wfth omeprazole than In those taking 
placebo or histamine H2-receptor sortagonists. 

In this and five other controlled GERD studies^ significandy more patients taking 20 mg omeprazole (64%) 
reported complete relief of GERD symptoms than patients receiving placebo (12%). 

Long Temi Maintenance Treatment of Erosive Esoph^itis 

In a U.S. double4)llnd, randomized, mutticenter, placebo controlled study, two dose regimens of omeprazole 
were studied In patients with endoscopically oonfirmed heated esophagitis. Results to detennine maintenance of 
healing of erosive esophagitis ere shown below. 
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tn an Intemational muKicenter dcnible-bflnd study, omeprazole 20 mg dally and 10 mg dfiily wen^ conipared to 
ranitidine 150 mg twice dally in patients with endosoopicalty oonfinned healed esophagltis. me table befow 
provides the results of this study for maintenance of healing of erosive esophagi Us. 
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In patfents who initially had grades 3 or 4 erosive esophagltis, for maintenance after healing 20 cng daily of 
OTTteprazole was ef ectivej while 10 mg did not demonstrate effectiveness. 

INDICATIONS AND USAGE 

Duodenal Ulcer 

ZegeHd Is indicated for short-term treatment of active duodenal uloer. Most patients heal Within four weeks* 
Some patients may require an additional four vireeks of therapy. 

Treatment of Gastroesophageal Reflux Disease (GERP) 

Symptomatic QERD 

Zegerid is Indicated for the treatment of heartburn and other symptoms associated with GERD. ' 
Erosive Esophagms 

Zegerid is indicated for the slnortrterm treatment (4-8 weelcs) of erosive esophagltis which has been diagnosed 
by endoscopy. 

(See CUNICAL PHARMACOLOGY. CHnlcal Studies.) 

The efficacy of Zegerid used for longer than 8 weelcs In these padents has not been established, in the rare 
instance of a patient not r^ponding to 8 v^eka of treatment, It may be helpful to give up to an additional 4 
weeks of treatment If there is recurrence of erosive esophagltis or GERD symptoms (e.g. heartburn), additional 
4-8 week courses of omeprazole may be considered. 

Maintenance of Healing of Erosive Esophagltis 

Zegerfd Powder for Oral Suspension is Indicated to maintain heating of erosive esophagltis. 

Controlled studies do not extend beyond 12 months. 

CONTRAINDICATIONS 

Zegend is contralndlcated In patients with known hypersensitfvtty to any components of thefonnulatlon. 

PRECAUTIONS 
General 

Symptomatic response to therapy with omeprazc^e does not preclude the presence of gastrfc malignancy. 
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Atraphfc gastritis has been noted oocasionariy In gastric corpus biopsies from patients treated long-tenn with 
omsprazole. 

Zegerid cx)ntains 460 mg sodium perdc$e In the form of sodium bicarbonate. This should t)e taken into 
ooraSdereflon tor patients on a sodium-restricted diet. 

Zegerld contains 1680 mg<20 mEq) of sodium blcartonale. Sodium bicarbonate Is contralndlcated -ln patients 
with metabolic alkalosis and hypocelcemia. Sodium btcditonate should be used with caution [n patients with 
Bartter's syndrome, hypokalemia, and respiratory alkalosis. Loi^-tem) administration of bicarbonate with 
calcium or milk can cause milk-alkall syndrome. 

InfonnaUon for Patients 

Zegerfdf$suppli9f/a$e powder for oral suspensicin. It should t>e taken on an empty stomach at least 1 hour 
prior to a meal. 

Zegerid Is available as 20 mg stngleKlose packets. Directions for use: Empty packet cont^ into a small cup 
containing 2 tablespoons of water. 00 NOT USE OTHB^ UQUIDS OR FOODS. Stir weQ and drink 
Immediately. Refill cup with wster and drink. 

Drug Interacttons 
Other 

Omeprazole can prolong the elimination of diazepam, warferin and phenytoln. drugs that ere metaboltzed by 
oxidation in the liver. Tliere have been reports of increased INR and prothrombin time In patients reoeiwig 
proton pump tnhlbltorsi including omeprazole, and warfarin concomitantly. Increases In INR and prothrombin 
tme may lead to abnormal bleeding and even death. Patients treated with proton pump Inhibitors and warfan'n 
may need to be monitored for increases In INR and prothrombin Irnie. Although in healthy stAjects no 
Interection with theophyUina or propranolol was found, there have been clinical reports of interaction with other 
drugs metabolized via the cytochrome P450 system (e.g., cydosponnei disuifiram, benzodiazepines). Patients 
should be monitored to determine if ft is necessary to adjust the dosage of these dmgs when taken 
concomitantly with Zegerid. 

Because of Its profound and long-lasting (nhibrbon of gastric actd secfetton, It is theoretically possible that 
omeprazole may interfere with absorption of drugs where gastric plH is an important detenninant of their 
bioavailatMilty (e.g., ketoconazole, amplciilin esters, and iron salts). In the clinical trials, antacids were used 
conconv'tantly with the administration of omeprazole. 

Co-administratSon of omeprazole and clarithromycin have resulted in increases of plasma lev^ of omeprazole* 
clarithromycin, and 14-hydroxy-clarithromycin (see also CLINICAL PHARMACOLOGY, Phannacokfnetics). 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

In ttfo 24-month cardnogenicity studies In rats, omeprazole at daily doses of 1.7. 3.4, 13.8, 44.0 and 140.8 
mg/kg/day (about 0.7 to 57 tmes the human dose of 20 mg per day, based on body surface area) produced 
gastric ECL cell carcinoids In a dose-related manner In both male and female rats; the Inddence of this effect 
was markedly higher in fen^ rats, which had higher blood levels of omeprazole. Gastric cardnoids &eldc»n 
occur in the untreated rat In addition. ECL cell hyperplasid was present In all treated groups of'both sexes. In 
one of these studies, female rats were beated with 13.6 mg omeprazols/kg/day (about 5.7 Hm^ the human 
dose of 20 mg per day, based on body surface area) for one year, then followed for an additional year without 
the drug. No cardndds were seen in these rats. An increased Incidence (^treatment-related ECL cell 
hyperplasia was observed at the end of one year (94% treated vs 10% controls). By the second year the 
difference b^een treated and control rats was much smaller (46% vs 26%) but still showed more hyperplasia 
In the treated grcAjp. Gastric adenocardnoma was seen In one rat (2%). No similar tumor was seen in male or 
female rats treated for two years. For this strain of rat no similar tumor has been noted historically, but a finding 
Involving only one tumor !$ difficult to Interpret In a S2-week toddty study in Sprague-Dawley rats, brain 
astnoc^te»mas were found in a small number of males that raoeived omeprazole at dose levels of 0.4, 2, and 1 6 
mg/Kg/day (about 0.2 to 6.5 b'mas the human dose of 20 mg/day. based on body surface area). No 
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astrocytomas were observed tn female rets in this ctudy. In a 2-year oarctnogenloUy study in Sprague-Dawley 
rats, no astrocytomas were found In malas and famalee et the high dose of 140.a mg/kg/day (about 57 times the 
human dose of 20 mg per day, based on body sur^ce area). A 7&week mouse cartinogenlc^ stuc^ of 
omeprazole did not show increased tunnor occurrence, but the study was not condush/e. A 26-weelc p53 (-»■/-) 
transgenic mouse cardnogenlcQy study was not positive. 

Omeprazole was positive fordastogento effects in an ih vitfo human lymphocyte chromosomal aberration 
assay, bi one of two A? vfvo mouse micronucleus tests, and in an In vtvo bone mantsw cell chronhosomal 
aberratton assay. Omeprazole was negative In the In vit/o Ames Salmoneila typhinm'm assay, an in vitro 
mouse lymphoma ceil fbnvard mutation assoy and an in vivo rat liver DMA damage assay. 

Omeprazole at oral doses up to 138.0 mg/kg/day (about 56 times the human dose of 20 mg per day, based on 
body surtece area) was found to have no e^ect on fertility and reproductive parfbrmance. 

Pregnancy 

Pregnancy Category C 

There are no adequate and well-controlled studies on the use of omeprazole in pregnant wonrten. The vast 
majority of reported experience with omeprazole during human pregnancy Is first trimester exposure arui the 
duration of use Is rarely speofted, ag., intermittent vs. chronic. An expert review of published data on 
experiences wi^ omeprazole use during pregnancy by TERIS - the Teratogen Information System - conduded 
that therepeutic doses during pregnancy are unlikely to pose a substantial teratogenic risk (the quantity and 
quality of data were assessed as fair). 

Three epldanlologlcal studies compared the traquency of congenital atviormalftles among infarfts bom to 
women who used omeprazole during pregnancy to the frequency of abnormalities among infants of women 
exposed to H2-refieptor antagonists or other controls. A populattornbased prospective cohort epidenrvologtcat 
study from the Swecfish Medical Birth Registry, covering approximately 99% of pregnancies, reported on 955 
Infants (624 exposed during the first trimester with 39 of these exposed beyond first trimester, and 131 exposed 
after the first trimester) whose n^others used omeprazole during pregnancy. In utero exposure to omeprazole 
was not associated with in^eased risk of any malfonnatlon (odds ratio 0.62, 85% CI 0.50-1.34), low birth weight 
or low Apgar score. The number of infants bom with ventricular septal defects and the number of stillbom Infants 
was slightly higher in the omeprazole exposed infonts tiian the expected numbar in the nonnal population. The 
author concluded that both effects may bs random. 

A retrospective cohort study reported on 689 pregnant women exposed to either H2-bIockers or omeprazole in 
the first trimester (134 exposed to omeprazole). Ttie overall malformation rate was 4.4% (85% CI 3.6-5.3) and 
the malfonnatlon rate for first trimester expoaire to omeprazole was 3.6% (85% C1 1 .5^.1 ). TT>e relath^ risk of 
matfomnations associated with first trimester exposure to omeprazole compared with nonexposed women was 
0.9 (95% CI 0.3-22). The study could effiscttvely rule out a relative risk greaterthan 2.5 for alt rnat^nnadcns. 
Rates or preterm delivery or growth retardation did not differ between the groups. 

A controlled prospective observational study followed 113 women exposed to omeprazole during pregnane 
(69% first trimester exposures). The reported rates of msdor congenital malfomiations was 4% for the 
omeprazole group, 2% for controls exposed to nonteratogens, and 2.6% in disease-paired controls (tmckground 
Incidence of major malfomnatlons 1-5%}. Rates of spontaneous and elective abortions, pretemn deHveries 
gestational age at delivery, and mean birth weight did not differ between the groups. The sample size In this 
study has 60% power to detect a &46id increase in the rate of major malfbmfvation. 

Several studies have reported no apparent adverse short term effecte on the Intent when singte:dose oral or 
intravenous omeprazole was administered to over 200 pregnant women as premedication for cesarean section 
under general anesthesia. 

Teratology studies conducted in pregnant rats at omeprazole doses up to 138 mg/kg^day (about 56 times the 
human dose of 20 rDg/day, based on body surface area) and in pregnant rabbits at doses up to '69 mg/kg/day 
(about 56 times the human dose of 20 mg per day, based on body surface area) did not disclose any evidence 
for a teratogenk; potential of omeprazole. 
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In rabbits, omeprazole in a dose range of 65 to 69.1 mQ/kn/dav fabout s b tn rr k ^ 

per day. based on body suifeoa area) pioduced d06e.r^ta^S««^«t ^ 

observed in offspring resulting fmnTSeS SSS^SSESS^S ^^T^ 
times the human do3e of 20 mgperS tas^ 1^252^^^ 

animal studies and studies in humans cannrt mte witto* P^Bnantvramen. Because 

pregnancy c.y.thepotentia. bSto^SSSSKt^iSSZ^SlSS!' ^'^'^ 



Nursing Mothers 



human dose erf 20^ pa^ d^KilSJ iS^^ 58 times the 

Because omeprazolebexeret^umwmu^^ 

nursing Infants (torn omeprazole. BfSb^tJSS^£ tl^S^^LT'^^ ^""^ 
cardnogenidty studies a dedsion XmMhl m»i 

with caution in nursing moftera. « «^ motner. in addiUon, sodium bfcartjonate should be used 
PediatrfeUse 

■mere are no adequate and well.oor>traned studies in pediatric paUents with Zagerid. 
Geriatric Use 

reported dinlcl experience ^SlSJ^lSS^!^^^^^^^ younger^ubjects. Other 
but greater sensitivity of some older individuals«?i!lotte mlSS ^'^^ ^"^ '"^i'^' 

e'Sa'Sr;i^etaSl%^i?cS'^^^^ 

of young subjects) SSTSSJIt? daeranoe of omeprazole was 250 mUmIn (about hatfthat 
suWeito SSerii SSiJ^Si^tf^!?^ ^"^ ^at In nonelderly heaWnT 

PHARmSuJGY.) «'5<*>W98 adjustment is neoessav in the elderly. (See CLIlScAL^ 



ADVERSE REACTIONS 



Omeprazole was genemfly well tole^ted dunng domestlo and international oflnlcai trials in 3096 petients. 



were reported to occur in 
of the 
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TTie following adverse reacfions which ocajmed in lya or more of omeprazde^reatBd pafierits heve been 
reportedin international doubIe4]flnd, end open-label, cfirecal trials In which 2,631 patients and subiects 
recefved omeprazole. 
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Additional adverse reacfions occurring In < 1% of patiente or subjects In domestic and/or international trials 
conducted with omeprazole, or occurring since the drug was marketed, are shown below within each body 
system. In many instances, the relationship to omeprazole was undear. 

Body9S9 Whole 

Allergic reactions, Including, rarely, anaphylaxis (see also Skfn betew), fever, pain, fatiguB, malaise, abdominal 



Oancf/bvascc/Zsr 

Chest pain or angina, tachycardia, bradycardia, palpitation, elevated blood pressure, and peripheral edema. 
GmsirolntestinQl 

Pancreatitfs (some fatal), anorexia, Irritable colon, flatulence, fecal discoloration, esophageal candidiasis, 
mucosal aljcphy of the tongue, dry mouth. During treatment with omepraz«rte, gastric fundlc gland polyps have 
b$en noted rarely. These polyps are benign and appear to be reversible when Ireatment is discontinued. 

Gastroduodenal carcinoids have been reported In patients wift ZE syndrome on long-temi treatment wrtth 
omeprazole. This finding Is beQeved to be a manifestation of the underlying condition, which is known to be 
assoctatsd with such tumors. 

HepattQ 

Mild and, rarely, martced elevations of liver function tests lALT (SGPT), AST (SGGT). v-glutamyl transpeptidase, 
alJcaline phosphatase, and bnimbin flaundice)]. In rare Instances, overt liver disease has occuned. Indudlng 
hepatocellular chol^tatic. or mixed hepaUtis, liver necrosis (some fatal), hepaOc failure (some fatal), and 
hepatic encephalopathy. ^ ' 
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M^abaHc/NiMlonel 

HyponatP9mia, hypoglycemia, and weight fidin. 
Masoulcskeleta! 

MusdB cramps, myalflia, muscfe weakness, jdnt pain, and leg pain. 

K« ''!Kf^J'*'^ aggrewion. halludnalions. confusion, insomnia, nervousness, 

tremors, apathy, somnolence, anxiety, dream abnormalities; vertigo; paresthesia; and hemffacfaJd>Se^^. 

Respiratory 

Epista^ds, pharyngeal pain 
Sh'n 

"^^^^ gen^riz^I skin madrons Including toxic epidermal necrolysis (TEN; some 
S^^SSi^v^l'^'^J^^ and erythema multiforme (some severe); purpura and/o/peteS STe 
with rechailenge); skin inflammatiQn. urticaria, angloedema. pruritus, alopeda. di skin, and h^SS!^^ 

Tinnttus. taste perversion 
Ooular 

Urogenital 

f™'!^^ ^^"^ rechailenge). urinaiy tract Infection, microscopic pyuria, artnary 

frequency. elsvatBd «9i«m creatinine, proteinuria, hematuria, glycosuria, testicular pain.Td gSmastia 

Hematologic 

r^**^' ag'anulocytosis (some fatal), thrombocytopenia, neutropenia, anemia, 
jeucoeytissis, and hemolytic anentia have l)eeftiBportBd. i^..™. 

XtetsSa^r^SifeJ?!^ 
OVERDOSAGE 

El^iiS^. ^'""^^ c'ln'cal dose). Manifestations were vaiiabte. but induded confusion, drowsiness 
Sir.' i'^^""*'' ^"fl- ^aphoresis. flushing, headadie. dry moutS^andS&rSIe^' 

^t^ons s.m|lar to those seen in nomial dnical experience. (See ADVERSE REACTIONS )sSn«5Sj 

.il'oSSfcl^^^ omeprazole waTSia^^eci^ 

annaoteior omepnezoie overdosage is Imown. CSneprazole is sxten^ely protein bound and Is therrfom not 
readriy dfaiyzable. In the event of overdessge, tr«rt.{«nt should be symZSTar^s J^rtiv; ' 

^f£!!l!^^"T1^J^"^^- ^ P«»siW% 'rfnHjItlpie drug ingestion should be considered. For 
m^iJ^^ »"y ''rvs overdose, a certified Regtonal Poison Control Center slrouW be 

contacted. Telephone numbers are listed In the Physicians' Desic R^ence (PDR) or local^SiSe toot 
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DOSAGE AND ADM1^MSTRA^^0N 

Short-Term TreatnentofActlv, Duodenal Ul«r 

The feeommencfed adutt oral riAOi^ 

eroaJve esophaolfe and aeenmn-Irf ""^ recommerjtfed adult oral no esophaoea/ 

INDICAT&Wu"|S^'«"^'"fl sy„,pto„«,ae to AlS^.Z^^^'^f^^ 

«tointer»nce of Healing of &oslve feophasttis 
■nie recommended adoltoiBl dose is 20 

Zegerid [3 suppfed as unit dos Jr 

HOW SUPPLIED . «noannK. 
Storage 
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chewable tablet, an effervescent powder, or an effervescent 
tablet. Also provided is a method for treating an acid-related 
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administering to the subject a solid pharmaceutical compo- 
sition. 

118 Claims, 2 DraM ing Sheets 



U.S. PATENT DOCUMENTS 



5,798,120 


A 


8/1998 


Tomohisa et al. 


5,814,338 


A* 


9/1998 


Veroncsi 


5,817^38 


A 


10/1998 


BcTgstrand et al. 


5,840,737 


A 


11/1998 


Phillips 


5.877,192 


A 


3/1999 


Undberg et al. 


5,879,708 


A 


3/1999 


Makino el al. 


5.883,102 


A 


3/1999 


Hamley et al. 


5,885,594 


A 


3/1999 


Nilsen et al. 


5.900,424 


A 


5/1999 


Kallstrom et al. 


5,929^44 


A 


7/1999 


Von Ungc 


5.939.091 


A 


8/1999 


Eoga et al. 


5.948.789 


A 


9/1999 


Larsson el al. 


5.955,107 


A 


9/1999 


Augello el al. 


5-958,955 


A 


9/1999 


CuslavssoD el al. 


5,962.022 


A 


10/1999 


Bolt et al. 


5,965 J 62 


A 


10/1999 


Fuisz et al. 


5,972,389 


A 


10/1999 


Shell et al. 


5.979.515 


A 


11/1999 


Olsson 


6,013.281 


A 


1/2000 


Luodbcrg el a). 


6.017,560 


A 


1/2000 


Makino et al. 


6.090,827 


A 


7/2000 


Erickson el al. 


6.12.\962 


A 


9,^2000 


Makino et al. 


6,124.464 


A 


9/2000 


Hogberg et al. 


6.132,770 


A 


10./2000 


Lundberg 


6,132,771 


A 


1 0,^2000 


Depui et al. 


6.136344 


A 


lO,/2000 


Depui et al. 


6,143,771 


A 


ll,/2000 


Undberg et al. 


6,147,103 


A 


11,/2000 


Anousis et al. 


6,1.S0,380 


A 


11/2000 


Lovqvist el al. 


6,162,816 


A 


lZ/2000 


Bohlin et al. 


6.166.213 


A 


12/2000 


Anousis et al. 


6,183,776 


Bl 


2/2001 


Depui el al. 


6.274.173 


Bl 


S/2001 


Sachs et al. 


6,284,271 


Bl 


9,^1 


Lundberg el al. 



FOREIGN PATENT DOCUMENTS 



EP 


0247983 


12/1987 


EP 


0308515 


3/1989 


EP 


0315964 


5/1989 


EJ* 


0394471 


10/1990 


EP 


0414847 


3/1991 


EP 


0436620 


7/1991 


EP 


0452697 


10/1991 


EP 


0465254 


1/1992 


EP 


0237200 


7/1992 


EP 


0496437 


7/1992 


EP 


0502556 


9/1992 


EP 


0338861 


1/1993 


EP 


0248634 


7/1993 


EP 


0565210 


10/1993 


EP 


0567201 


10/1993 


EP 


0567643 


11/1993 


EP 


0587659 


3/1994 


EP 


0652751 


5/1995 


EP 


0654471 


5/1995 


EP 


0696921 


2/1996 


EP 


1004305 


5/2000 


ES 


2024993 


12/1990 


GB 


2189698 


11/1987 


JP , 


70039541 


12/1970 


JP 


70039543 


12/1970 


JP 


71009580 


3/1971 


JP 


71009581 


3./1971 


JP 


48103567 


12/1973 


JP 


49005967 


1/1974 


JP 


49013172 


2/1974 


JP 


49020173 


2/1974 


JP 


49020174 


2/1974 


JP 


49093537 


9/1974 



6,489,346 Bl 

Page 2 



JP 


49095997 


9/1974 


JP 


74041198 


11/1974 


JP 


50052065 


5/1975 


JP 


50112373 


9/1975 


JP 


50142.S65 


11/1975 


JP 


51016669 


Za976 


JP 


51131875 


11/1976 


JP 


52005769 


1/1977 


JP 


.*)2()1 4776 


2/1977 


JP 


51017268 


8/1 977 


JP 


52097978 


8/1977 


JP 


53059675 


5/1978 


JP 


55019211 


2/1980 


JP 


80019211 


5/1 980 


JP 


56061311 


5/1981 


JP 


59095997 


6/1984 


JP 


61221117 


10/1986 


JP 


62145083 


6/1987 


JP 


62258316 


11/1987 


JP 


62258320 


11/1987 


JP 


62277322 


12/1987 


JP 


62283964 


12/1987 


JP 


02022225 


1/1990 


JP 


03163018 


11/1990 


JP 


03034967 


2/1991 


JP 


03048680 


3/1991 


JP 


03052887 


3/1991 


JP 


05117268 


5/1993 


JP 


05194224 


8/1 993 


JP 


05194225 


8/1993 


JP 


05255088 


10/1993 


JP 


05294831 


11/1993 


JP 


06092853 


4/1994 


JP 


06100449 


4/1994 


JP 




2/1 995 


JP 


oons7 1 1 n 

xjyyjo f I i\j 


3/1997 


TP 


JUUi IH f\J 


1 /I OOfi 


JP 


1UU17471 


1 /1 998 


JP 


2000212180 


8,^2000 


ICR 


9603605 


3/1 996 


KR 


9611238 


8/1996 


KR 


9611390 


8/1996 


RO 


88351 


4/1986 


WO 


8900566 


1/1989 


WO 


9204898 


4/1992 


WO 


9208716 


5/1992 


WO 


9305770 


4/1993 


WO 


9400112 


1/1994 


WO 


9402140 


2/1994 


wo 


9402141 


2/1994 


wo 


9501783 


1/1995 


wo 


9507913 


3/1995 


wo 


9515962 


6/1995 


wo 


9523594 


9/1995 


wo 


9532957 


12/1995 


wo 


9532958 


12/1995 


wo 


9532959 


12/1995 


wo 


9601612 


1/1996 


wo 


9601622 


1/1996 


wo 


9601623 


1/1996 


wo 


9601624 


1/1996 


wo 


9601625 


1/1996 


wo 


9602236 


2/1996 


wo 


9616959 


6/1996 


wo 


9624338 


8/1996 


wo 


9624375 


8/1996 


wo 


9638175 


1Z'1996 


wo 


9709964 


3/1997 


wo 


9725030 


7/1997 



us 6,489^46 Bl 

Page 3 



WO 


9725064 


7/1997 


wo 


9725065 


7/1997 


wo 


9725066 


7/1997 


wo 


9741114 


11/1997 


wo 


9748380 


12/1997 


wo 


9S00I14 


1/1998 


wo 


9802368 


1/1998 


wo 


9816228 


4/1998 


wo 


9828294 


7/1998 


wo 


9840054 


9/1998 


wo 


9S50019 


11/1998 


wo 


9S53803 


12/1998 


wo 


9854171 


12/1998 


wo 


9900380 


1/1999 


wo 


9908500 


2/1999 


wo 


9925323 


5/1999 


wo 


9925711 


5/1999 


wo 


9927917 


6/1999 


wo 


9929299 


6/1999 


wo 


9929320 


6/1999 


wo 


9932091 


7/1999 


wo 


9932093 


7/1999 


wo 


9945004 


9/1999 


wo 


9953918 


10/1999 


wo 


9955705 


11/1999 


wo 


9955706 


11/1999 


wo 


0001372 


1/2000 


wo 


0009092 


2/2000 


wo 


0010999 


3/2000 


wo 


0015195 


3/-2000 


wo 


0026185 


5/2000 


wo 


0027366 


5/2000 


wo 


0028975 


5/2000 


wo 


0030612 


6./2000 


wo 


0035448 


6./2000 


wo 


(K>44744 


8/2000 


wo 


0045817 


8/2000 


wo 


0050038 


S/2000 


wo 


0069438 


11/2000 


wo 


0078293 


12/2000 


wo 


0103707 


1/2001 


wo 


0124780 


4/2001 


wo 


0134573 


5./2001 




OTHER PUBLICATIONS 



CA 123 :237886, McCuUough, 1995.* 
CA 123 :2U8914, Gergeiy el ai., 1995.* 
"Agenls for Conirol of Gastric Acidity and TreaimeDl of 
Peptic Ulcers*', Chapter 37, pp. 907-909, 1768. 
"Omeprazole, An Updated Review of its Pharmacology and 
Therapeutic Use in Acid-Related Disorders" by D. McTav- 
ish, ei al.. Drugs, vol. 42. No. 1, pp. 138-170 (1991). 
"Omeprazole, Overview and Opinion" by S. Holt, el al.. 
Digestive Diseases and Sciences, vol. 36, No. 4, pp. 
385-393 (Apr. 1991). 

"Panioprazole, A Review of its Pharmacological Properties 
and Therapeutic Use in Acid-Related Disorders" by A. 
FiJton, el al.. Drugs, vol. 51, No. 3, pp. 460-482 (Mar. 
1996). 

"Differentia! Stereoselective Pharmacolkinelics of Pantopra- 
zole, a Proton Pump Inhibitor in Extensive and Poor 
Meiabolizersof Pantoprazole — APreliminar>' Study" by M. 
Tanaka, el al.. Chirality, vol. 9. pp. 17-21 (1997). 
"A Prospective Study of Simplified Omeprazole Suspension 
for the Prophylaxis of Stress-related Mucosal Damage" by 
J. Phillips, el al., Critical Care Medicine, vol. 24, No. 11, pp. 
1793-1800(1996). 



"A Prospective Study of Omeprazole Suspension to Prevent 
Clinically Significant Gastrointestinal Bleeding From Stress 
Ulcers in Mechanically Ventilated Trauma Patients" by M. 
Lasky, el al.. The Journal of Trauma: Injury Infection, and 
Critical Care, vol. 44, No. 3, pp. 527-5.33 (Mar. 1998). 
"Effect of Combined Admini.straiion of Lansoprazole and 
Sofalcone on Microvascular and Connective Tissue Regera- 
tion After Eihanol-induced Mucosal Damage" by M. Naka- 
mura, el al.. Journal of Clinical Gastroenterology, vol. 27. 
Supp. 1, pp. 170-177 (1998). 

"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, et 
al.. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 [Date stamped in Howard University Library on Jan. 
13, 1995]. 

"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, el 
al.. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Date stamped in Waller Reed Army 
Medical Center Medical Library on Jan. 17, 1995]. 
"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, el 
al.. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Date stamped in FDA Medical Library 
Jan. 6, 1995]. 

"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, el 
al., Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Date stamped in University of Illinois on 
Jan. 10. 1995]. 

"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through ihe Na.sogaslric Tube" by J. Whipple, e! 
al.. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Date stamped in Central DuPage Hospital 
Medical Library on Jan. 10, 1995]. 

"Tlie Effccl of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, et 
al,. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Date stamped in University of Missouri 
Health Sciences Library Jan. 6, 1995]. 
"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" by J. Whipple, el 
al,. Critical Care Medicine, vol. 23, No. 1 Supplement, p. 
A69 (Jan. 1995). [Although allegedly date stamped in St. 
Vincent's Hospital Medical Library on Jan. 3, 1995, inter- 
views of library personnel revealed that this Supplement was 
nol received until Jan. 9, 1995, as the Jan. 9, 1995 date is 
found in their computerized database]. 
"Lansoprazole Capsules and Amoxicillin Oral Suspension in 
the Treatment of Peptic Ulcer Disease" by J. Hatlebakk, et 
zUScand.J. Gastroenterol, vol. 30, No. 11, pp. 1053-1057 
(1995). 

"Nicotinamide Phanmacokinetics in Humans: Effcci of Gas- 
tric Acid Inhibition, Comparison of Rectal vs Oral Admin- 
istration and the Use of Saliva for Drug Monitoring" by 
M,R. Stratford, cl al. J Cancer, vol. 74. No. 1, pp. 16-21 
(Jul. 1996). 



us 6,489^46 Bl 

Page 4 



"Comments of the Reporl of 'Associaiion' of Omeprazole 

with DNA by Phillips, et al/* by S.R Adams Mutagenesis^ 

vol, 7, No. 5, pp. 395-396 (Sep. 1992). 

*'lDieraction of Omperazole with DNA in Rat Issues" by 

D.H. Phillips, Mutagenesis, vol. 7, No. 4, pp. 277-283 (Jul. 

1992). 

"Stability of Omeprazole in an Extemporaneously Prepared 
Oral Liquid** by R.A. Quercia, el al., American Journal of 
HeaUh-Svstem Pharmacy, vol. 54, pp. 1833-1836 (Aug. 15, 
1997). 

"Simplified Omeprazole Solution For The Prophylaxis of 
Stress-Related Mucosal Damage In Critically III Palienis", 
by J. Phillips, cl a I., Critical Care Medicine, vol. 22, No. 1, 
p. A53 (Jan. 1994). 

"Effective Gastric Acid Suppression After Oral Administra- 
tion of Enieric-Coaied Omeprazole Granules" by M.A. 
Mohiuddin, et al,. Digestive Diseases and Sciences, vol. 42, 
No. 4, pp. 715-719 (Apr. 1997). 

"Endoscopic Topical Therapy for the Treatment of Helio- 
bacier Pylori Infection" by K. Kihira, et al. J Gastroenierol, 
vol. 31,'Suppl 9, pp. 66-68 (Nov. 1996). 
"Pharmacokinetic Evaluation of Omeprazole Suspension 
Following Oral Administration in Rals: Effect of Neutral- 
ization of Gastric Acid" by K. Watanabe, et al. Acta Med 
Okayama, vol. 50, No. 4, pp. 219-222 (Aug. 1996). 
"Pharmacokinetics of Lansoprazole in Hemodialysis 
Patients" by M. Karol, et al., J Clin Pharmacol, vol. 35, pp. 
815-820 (Aug. 1995). 

"Omeprazole: Pharmacokinetics and Metabolism in Man** 
by C. Cederberg, et al., Scand. J. Gastroenterol, vol. 24, 
Suppl. 166, pp. 33^ (1989). 

"Synthesis and Structure-Activity Relationships of Substi- 
tuted 2-[2-imidazolylsulfinyI)meihyl]Anilines As A New 
Class of Gastric H+/'K(+)-'ATPase' Inhibitors. II." by T. 
Yaraakawa, Chem Pharm Bull ( Tokyo), vol. 40, No. 3, pp. 
675-682 (Mar. 1992). 

"Studies on (H(+)-K4)- ATPa.se Inhibitors of Gastric Acid 
Secretion. Prodrugs of 2-[(2-PyridinyIraethyI)sulfinyl]beD- 
zimidazole Proton-Pump Inhibitors" by J. Sih, et d\.. Jour- 
nal of Medicinal Chemistry, vol. 34, No. 3, pp. 1049-1062 
(Mar. 1991). 

"Effects of Panioprazole, A Novel H+/K-t— AJTase Inhibitor. 
On Duodenal Ulcerogenic and Healing Responses in Rais: A 
Comparative Study with Omeprazole and Lansoprazole" by 
Takeuchi, et al., J. Gastroenterol. Hepatol, vol. 14, No. 3, 
p. 251-57 (1999). 

"Pharmacokinetics, Metabolism and Interactions of Acid 
Pump Inhibitors: Focus on Omeprazole, Lansoprazole and 
Pantoprazole" by T. Andcrsson, Clin. Pharacokinet., vol. 31, 
No. 1, pp. 9-28 (Jul. 1996). 

"Nasogastric Administration of Omeprazole", The Austra- 
lian Journal of Hospital Pharmacy, vol. 28, No. 3. pp. 
174-176 (1998). 

"Bioavailability and Efficacy of Omeprazole Given OraDy 
and By Nasogastric Tube" by C. Larson, et a I., Digestive 
Diseases and Sciences, vol. 41, No. 3, pp. 475-479 (Mar. 
1996). 

"Nasogastic Omeprazole: Effects on Gastric pH in Critically 
III Patients" by D. Balaban. et al., Tlie American Journal of 
Gastroenterolgy, vol. 92, No. 1, pp. 79-83 (1997). 
"Comparison of 24— hour Intragastric pH Using Four Liquid 
Formulations of Lansoprazole and Omeprazole" by V. 
Sharma, American Journal of Health-System Pharmacists, 
vol. 56, Suppl 4, pp. Sl8-S2l(Dec. 1, 1999). 



"The Stability of Simplified Lansoprazole Suspension 
(SLS)" by J. Phillips, et al.. Gastroenterology, vol. 116, No. 
4, p. G0382 (Apr. 1999). 

"Effect on 24-hour Intragastric Acidity of Simplified Ome- 
prazole Solution (SOS) Administered Via Gastrostomy", by 
V. Sharma, el al., A/G, vol. 92, No. 9, p. 1625, Section 169 
(1997). 

"Simplified Lansoprazole Suspension (SLS): A Proton 
Pump Inhibitor (PPI) In A Liquid Formulation That Works" 
by V. Sharma. et al.,A/G, p. 1647, Section 153 (Sep. 1998). 
"Simplified Lansoprazole Suspension — A Liquid Formula- 
tion of Lansoprazole — Effectively Suppresses Intragastric 
Acidity When Administered Through a Ga.strostomy" by V. 
Sharma, et al.. The American Journal of Gastroenterology, 
vol. 94, No. 7, pp. 1813-1817 (Jul. 1999). 
"The Effects on Intragastric Acidity of Per-Gasirostomy 
Administration of An Alkaline Su.spcn.sion of Omeprazole" 
by V. Sharma, el ^\., Aliment Pharmocol Ther, vol. 13, pp. 
1091-1095 (1999). 

"A Multicenter, Prospective, Randomized Clinical Trial of 
Continuous Infusion I.V. Ranitidine vs. Omeprazole Sus- 
pension in the Prophylaxis of Stress Ulcers" by J, Phillips, 
el al.. Critical Care Medicine, vol. 26, No, 1 (Suppl.) , p. 
AlOl, No. 222 (1998). 

"Gastrointestinal Drugs", The American Medical Associa- 
tion Drug Evaluation, vol. 2, The American Medical Asso- 
ciation, Chicago, 1:8 (Bennett & Dickson, eds.). 
"Pharmacokinetics of [^"^CjOmeprazole in Patients with 
Liver Cirrhosis" by T. Andersson, et al., Clin Pharmacoki- 
net,, vol. 24, No. 1, pp. 71-78 (1993). 
"Pharmacokinetics and Bioavailability of Omeprazole After 
Single and Repeated Oral Administration in Healthy Sub- 
jects" bv T. Andersson, et al., Br J. Clin. Pharmac, vol. 29, 
pp. 557-563 (1990). 

"Development of An Oral Formulation of Omeprazole" by 
A. Pilbrant, et al., Scand. J. Gastrolenterol, vol. 20, (Suppl. 
108) pp. 113-120 (1985). 

"Pharmacokinetics of Various Single Intravenous and Oral 
Doses of Omeprazole" by T Andersson, ct al., European 
Journal of Pharmacology, vol. 39, pp. 195-197 (1990). 
"Pharmacokinetic Study of Omeprazole in Elderly Healthy 
Volunteers" by S. Landahl, et al., Clin, Pharmacokinet., vol. 
23, No. 6, pp. 469-^76 (1992). 

"The Pharmacokinetics of Omeprazole in Humans — A 
Study of Single Intravenous and Oral Doses" by C. Regardh, 
el al., Therapeutic Drug Monitoring, vol. 12, No. 2, pp. 
163-172 (1990). 

"Bolus or Intravenous Infusion of Raniidinc: Effects on 
Gastric pH and Acid Secrealion" by Ballesieros, et al.. Awi. 
Intern. Med., vol. 112, pp. 334. 339 (1990). 
"Therapeutic Use of Omeprazole For Refi-actory Stress-In- 
duced Gastric Mucosal Hemorrage" by Barie & Hariri, 
Cntical Care Medicine, vol. 20, pp. 899-901 (1992). 
"Let's Agree on Terminology: Definition of Sepsis" by 
Bone, Critictical Care Medicine, vol. 19, p. 27 (1991). 
"Antacids vs. Sucralfate in Preventing Acute Gastrointesti- 
nal Tract Bleeding in Abdominal Aorlic Surgery** by Bor- 
rero, et zUArch. Surg., vol. 121, pp. 810-812 (1986). 
The Pharmacologic Basis of Therapeutics by Brunton, p. 
907 (1990). 

"Central Nervous System Reactions to Histaminc-2 Recep- 
tor Blockers" by Cantu & Korek, vol. 114. pp. 1027-1034 
(1994). 



us 6,489^46 Bl 

Pages 



"Comparison of Acid Neutralizing and Non-acid Neutral- 
izing Siress Ulcer Prophylaxis in Thermally Injured 
Patients" by Cioffi, el al., vol. 36. pp. 541-547 (1994). 
"Risk Factors For Gastroiniestinal Bleeding in Critically III 
Patients*' by Cook, el al.. vol. 330, pp. 377-381 (1994). 
"Stress Ulcer Prophylaxis in the Critically 111: A Meta 
Analysis" by Cook, el aL, vol. 91, pp. 519-527 (1991). 
"Nasocomial Pneumonia and the Role of Gastric pH: AMeta 
Analysis" by Cook, ct al., vol. 100, pp. 7-13 (1991). 
"Acute Gastroduodenal Disease After Themal Injury: An 
Endoscopic Evaluation of Incidence and Natural History" by 
Czaja, ct al., vol. 291, pp. 925-929 (1974), 
"Does pH Paper Accurately Reflect Gastric pH?" by 
Dobkin, et al., vol. 18, pp. 985-988 (1990), 
"Nosocomial Pneumonia in Intubated Patients Given 
Sucralfate As Compared With Antacids or Histamine Type 2 
Blockers" by Driks et al, M Eng. J. Med., vol. 317, pp. 
1376-1382 (1987). 

"Prospective Trial Comparing a Combination pH Probe -Na- 
sogastric Tube With Aspirated Gastric pH" by Eisenberg, et 
al., Criiica! Care Medicine, vol. 18, 1092-95 (1990). 
"Pneumonia and Stress Ulceration in Severely Injured 
Patients" by Fabian et al., vol. 128, p. 18.55 (1993). 
"Substituted Benzimidazoles Inhibit Gastric Acid Secretions 
by Blocking H+zlC-t— ATPase" by Fellenius, et al.. Nature, 
vol. 290, pp. 159-161 (1981). 

Predictive Value of Intramural pH and Other Risk Factors 
For Massive Bleeding From Siress Ulceration by Fiddian- 
Green, et al., Gastroenterology, vol. 8, pp. 613-620 (1983). 
"Function and Structure of Parietal Cells After H+/K+- 
ATPase Blockade" by Frvklund, et al.,/4m. J. Physiol., vol. 
254, pp. G395M07 (1988). 

"Thrombocytopenia Associated with Hypersensitivity to 
Rantidine: Possible Cross-Reactivity" by Gafter, et al., vol. 
64, pp. 560-562 (1989). 

"CDC Definitions for Nosocomial ! nfections" by Gamer, et 
al., Am. J. Infect. Control, vol. 16, pp. 128-140 (1988). 
"Intragastric pH Measurement Using a Novel Disposable 
Sensor" bv Hcalh, ct al,, Inie.s. Care Med., vol. 14, pp. 
232-235 (1988). 

"Effect of intravenous Infusion of Omeprazole and Ranti- 
dine on Twenty-Four-Hour Intragastric pH" by Kiilerich, et 
al., vol. 56, pp. 25-30 (1995). 

"Prevention of Upper Gastrointestinal Bleeding in Long 
Term Ventilated Patients" by Laggner, et al.. Am. J. Med., 
vol. 86, Suppl. 6A, pp. 81-84 (1989). 
"Gastric Response to Severe Head injury" by Larson, el al.. 
Am. J. Surg., vol. 147. pp. 97-105 (1984). 
"Pathogenesis, Diagnosis and Treatment of Acute Gastric 
Mucosa Lesions" by Marrone & Silen, Clin. Gastroenterol., 
vol. 13, pp. 635-650 (1984). 

"Continuous Intravenous Cimetidine Decreases Stress-Re- 
lated Upper Gastrointestinal Hemorrhage" by Martin, et al,. 
Critical Care Medicine, vol. 21, pp. 19-39 (1993). 
"Evaluation of Various Techniques to Monitor Intragastric 
pH" by Mciners et al.. Arch. Surg., vol. 117, pp. 288-291 
(1982). 

"Electrolyte and Acid-base Disorders" by Oh & Carroll, The 
Pharmacologic Approach to the Critically III Patient, pp, 
966-967 (Chernow, B. ed. 1994). 

"Control of Gastric pH With Cimetidine Boluses Versus 
Primed Infusions" by Ostro et al.. Gastroenterology, vol. 89. 
pp. 532-537 (1985). 



"Cimetidine for Prevention and Treatement of Gastroduode- 
nal Mucosal Lesions in Patients" by Peura & Johnson, ,4n/i. 
Intern. Med., vol. 103, pp. 173-177 (1985). 
"Occurrence of Nasocomial Pneumonia in Mechanically 
Ventilated Trauma Patients" by Pickworlh, el al.. Critical 
Care Medicine, vol. 12, pp. 1856-1862 (1993). 
"Methods of Prophylaxis in Siress Ulcer Disease" by Priebe 
& Skillman, World' J. Surg., vol. 5, pp. 223-233 (1981). 
"Nasocomial Pneumonia During Siress Ulcer Prophylaxis 
With Cimetidine and Sucralfate" by Ryan,et al,Arch. Surg., 
vol. 128, pp. 1353-1357 (1993). 

"Clinically Important Adverse Effects and Drug Interactions 
With H2-receplor Antagonists: An Update" by Sax, Phar- 
macotherapy, vol. 7, pp. 110S-115S (1987). 
"Stress Ulcer Prophylaxis: Still a Valid Option in the 
1990s?" by Schepp, Col. 54, pp. 189-199 (1993). 
"Prophylactic Therapy for Acute Ulcer Bleeding: A Reap- 
praisal" by Schuman, et z\.,Ann. Intern. Med., vol. 106, pp. 
562-567 (1987). 

"Stress Ulcer Prophylaxis: In Whom? With What?" by 
Schuster, Critical Care Medicine, vol. 21, pp. 4-6 (1993). 
"A Dosage Alternative for H-2 Receptor Antagonists, Con- 
tinuous-Infusion" bv Siepler, Clin Ther, vol. 8, pp. 24-33 
(1986). 

"Role of Gastric Colonizmation in the Development of 
Pneumonia in Critically III Trauma Patients" by Simms, et 
al.,7. Trauma, vol. 31. pp. 531-536 (1991). 
"Respiratory Failure, Hypotension, Sepsis and Jaundice: A 
Clinical Syndrome Associated With Lethal ..." by Skill- 
man, et z\.,Am. J. Surg., vol. 117. pp. 523-530 (1969). 
"The Gastric Mucosal Barrier: Clinical and Experimental 
Studies in Critically III and Normal Man ..." by Skillman. 
et al., Ann. Surg., vol. 172. pp. 564-584 (1970). 
"Changing Perspectives of Siress Gastritis Prophylaxis" by 
Smyihc & Zarowiiz, Ann. Pharmacother, vol. 28, pp. 
1073-1084 (1994), 

"Thrombocytopenia Associated With Rantidine" by Spychal 
& Wickman, Br. Med. J., vol. 291, p. 1687 (1985). 
"Siress Ulcer Prophylaxis — Quo Vadis?"by Tryba, I mens. 
Care Med, vol. 20, pp. 311-313 (1994). 
"Risk of Acute Stress Bleeding and Nosocomial Pneumonia 
in Ventilated Intensive Care patients. Sucralfate vs. Antac- 
ids" by Tryba. Am. J. Med, vol. 87 (3B) 117-24 (1987). 
"Side Effects of Ranitidine" by Vial, el al.. Drug Saf, vol. 
6. pp, 94-117 (1991). 

"The Relationship Between Gastric Acid Secretion and 
Gastric H+/K+-ATPase Activity" by Wallmark. el al, J. 
Biol. Chem., vol. 260, pp. 13681-84 (1985). 
"Tolerance During Dosing with H2 Receptor AnlagonisLs: 
An Overview" by Wilder-Smith & Merki, Scand. J. Gas- 
troenterol., vol. 27, Suppl. 193. pp. 14-19 (1992). 
"The Prevention of Gaslro-Iniestinal Tract Bleeding in 
Patients in an Intensive Care Unil" by Zinner, el al., Surg. 
Gynecol. Obstet., vol. 153. pp. 214-220 (1981). 
"Influence of Insulin Antibodies on Pharmacokinetics and 
Bioavailability of Recombinant Human ..." by Gray,ei al.. 
British Med. J., vol, 290, pp. 1687-1690 (1985). 
"Nasogastric Administration of Omeprazole for Control of 
Gastric pH" by M. Carroll, et al.. 10''' World Congresses of 
Gastroenterology, Abstracts (Oct, 2-7, 1994). 
"A Lansoprazole Suspension Formulation As An Alternative 
10 Capsules for Oral Administration" by S. Lockbari, el al.. 
World Congresses of Gastroenierology, Abstract Exh A2074 
(Sep. 6-11, 1998). 



us 6,489^46 Bl 

Page 6 



"Gastric Acid Antisecretory Effect of Two Different Dosage 
Forms of Omeprazole During Prolonged Oral Treatment in 
the Qastric Fistula Dog" by Larsson, el al., vol. 23, No. 8. 
pp. 1013-1019 (1988). 

"Effecl of Various Sails on the Stabilily of Lansoprazole, 
Omeprazole, and Pantoprazole as Determined by High-Per- 
formance Liquid Chromatography" by A. Ekpe, et al.. Drug 
Development and Industrial Pharmacy y vol. 25, No. 9, pp. 
1057-1065 (1999). 

"Inhibition of Gastric Secretion by Omeprazole and EfBcacy 
of Calcuim Carbonate in the Control of Hyperphosphatemia 
in Patients on Maintenance Hemodialysis" by Sechei, et al., 
Nephwlogie, vol. 20, No. 4, pp. 213-216 (1999). 
"Role of the Time of Administration of Calcium Carbonate 
in the Control of Hyperphophatemia in Patients on Mainte- 
nance Hemodialysis" by Sechei, et -d],, Nephrologie^ vol. 20, 
No, 4, pp. 209-212 (1999). 

Onset of Actioii' of AhTisccrctory DrugsrBc'neficial Effects 
of a Rapid Increase in Intragastric pH in Acid Reflux Disease 
by Pipkin, et al, Scand, J. Gastroenterol. Supp.^ vol. 230, pp. 
3-8 (1999). 

"Omeprazole Disposition in Humans" by Regardh, el al.. 
Then Drug. Monit., vol. 12, No. 2, pp. 165 (1990). 
"Evaluation of Buffering Capacity and Acid Neutralizing pH 
Time Profile of Antacids" by M. Lin, et al., J Formos Med 
Assoc, vol. 97, No. 10, pp. 704-710 (1998). 
"A Study of Antacid Buffers: I. The Time Factor in Neu- 
tralization of Gastric Acidity", by J. Holben, et 2^1.^ Journal 
of The American Pharmaceutical Association (Scientific 
Edition), vol. 36, pp. 149-151 (1947). 
"Buffered and Isoionic Solutions", Physical Pharmacy, 
Chapter 8, pp. 169-189. 

"Influence of Insulin Antibodies on Pharmacokinetics and 
Bioavailability of Recombinant Human ..." by Gray, et al., 
British Medical Journal, 290: 1687-1690 (1985). 
"Inhibition of Basal and Betazole — and Shara-Feeding-In- 
duced Acid Secretion by Omeprozole in Man" by Lind, et 
al, Scand, J. Gastroenterol, 21:1004-1010 (1986). 
"Lansoprazole: Phase I Study of Lansoprazole (AG-1749) 
Antiulcer Agent (Tablet Form)" bv A. Nakagawa, et al., pp. 
33-34 (1991). 

"Pantoprozolc Bicarbonate Suspension (PBS) Provides Oral 
Bioavailability Comparable To Tablet" by J. Paul, et al.. 
Critical Care' Medicine, (Feb. 2001). 
Physical Pharmacy— Physical Chemicals Principles in the 
Pharmaceutical Sciences, Fourth Edition, by A. Manin, el 
al. (1993). 

"Journal of Clinical Therapeutics & Medicines" by Naka- 

gawaa, et al, vol 7, No. 1, pp. 33-50 (1191). 

Organic Chemistry bv Wade, Prii ice-Hall, Inc., p. 349 

(1987). 

"The Effect of Omeprazole/Sodium Bicarbonate Solution 
Administration on the Accuracy of Subsequent pH Mea- 
surements Through the Nasogastric Tube" bv J. Whipple, et 
al, vol. 28. No. 1 (Suppl), p. A69 (Jan. 1995). 
"High Acid Buffering Capacity of Protein Hydrolysate 
Infant Formulas" by I. Korponay-Szabo, et al. Journal of 
Pediatric Gastroenterology and Nutrition, vol. 31, Supple- 
ment 2. Abstract 956 (Aug. 5-9, 2000). 
"Esomeprazole" by C. Spencer, et al. Drugs 2000, vol 60, 
No. 2, pp. 321-329 (Aug. 2000). 

"Zollinger-Ellison Syndrome — Clinical Presentation in 261 
Patients" by P. Roy, et al, Medicine, vol. 79, No. 6, pp. 
349-^11 (2000). 



"Overuse of Proton Pump Inhibitors" by M. Naunton, ci al. 
Journal of Clinical Pharmacy and Therapeutics, vol 25, pp. 
333-340 (2000), 

"The Proton-Pump Inhibitors: Similarities and Differences" 
by J. Horn, Clinical Tfierapeutics, vol. 22, No. 3, pp. 
266-280 (2000). 

"Pantoprazole: A New Proton Pump Inhibitor" by P. Jung- 
nickel, Clinical Therapeutics, vol 22, No. 11, pp. 
1268-1293 (2000). 

"Rabeprazolc for the Prevention of Pathologic and Symp- 
lomatic Relapse of Erosive or Ulcerative Gastroesophageal 
Reflux Disease" by A. Caos, el al.. The American Journal of 
Gastroenterology, vol 95, No. 11, pp. 3081-3088 (2000). 
"The Stabilily of Simplified Omeprazole Suspension (SOS)" 
by J. Phillips, et al. Critical Care Medicine, vol 26. No. 1 
(Suppl), p. AlOl, No. 221 (1998). 

"A Multicenter Prospective, Randomized Qinical Trial of 
X6minu'6us*lnfusioii r.V. Ranitidine " vs. Omeprazole Sus- 
pension in The Prophylaxis of Stress Ulcers" by J. Phillips, 
et a I, Critical Care Medicine, vol. 26, No. 1 (Suppl.) p. 
AlOl, No. 222 (1998). 
(Deleted). 

Sharma, el al, "Oral Pharmacokinetics of Omerprazole and 
Lansoprazole After Single and Repeated Doses as intact 
Capsules or As Suspensions in Sodium Bicarbonate", Ali- 
mentary Pharmacology & Therapeutics, vol 14, No. 7, pp. 
887-892 (Jul 2000). 

McAndrews, et al., "Omeprazole and Lansoprazole Suspen- 
sions for Nasogastric Administration", i4f7iencfl/i Journal of 
Health-System Pharm., vol 56, p. 81 (Jan. 1, 1999). 
Hardy, el al, "Inhibition of Gastric Secretion by Omeprazole 
and Efl5ciency of Calcium Carbonate on the Control of 
Hyperphosphatemia in Patients on Chronic Hemodialysis", 
Artificial Organs, vol. 22, No. 7, pp. 569-573 (Jul 1998). 
Schmassmann, et al, "Antacid Provides Belter Restoration 
of Glandular Structures Within the Gastric Ulcer Scar Than 
Omeprazole", Gut, vol 35, No. 7, pp. 896-904 (Jul 1994). 
Di lorio, el al, "Aluminum and Phosphorus Urinary Excre- 
tion After Modifying Gastric Acid Secretion In Chronic 
Renal Failure", Trace Elements and Electrolytes, vol. 13, 
No. 2, pp. 96-101 (1996). 

Di lorio, et al, "Aluminum and Phosphorus Urinary Excre- 
tion After Modifying Gastric Acid Secretion In Normal 
Subjects", Trace Elements and Electrolytes, vol 13, No. 1, 
pp. 47-49 (1996). 

Osier, ei al, "Effect of Omeprazole On The Phosphate- 
Binding Capacity of Calcium Carbonate", Nephron, vol 69, 
pp. 89-90 (1995). 

Schmassmann, el al, "Antacids in Experimental Gastric 
Ulcer Healing: Pharmacokinetics of Aluminum and Quality 
of Healing", European Journal of Gastroenterology & 
Hepatology, vol 5, Suppl 3, pp. S111-S116 (1993). 
Humphries, el al,, "Review Article: Drug Interactions With 
Agents Used to Treat Acid-Related Disczscs"^ Alimentary 
Pharmacology & Therapeutics, vol 13, Suppl 3, pp. 18-26 
(Aug. 1999). 

Crill, el al, "Upper Gastrointestinal Tract Bleeding in Criti- 
cally III Pediatric P&licais", Pharmacotherapy, vol 19, No. 
2, pp. 162-180 (Feb. 1999). 

Vincent, et al, "Concurrent Administration of Omeprazole 
and Antacid Does Not Alter The Pharmacokinetics and 
Pharmacodynamics Of Dofeiilide in Healthy Subjects", 
Clinical Phannacology & Therapeutics^ vol. 59, No. 2 
(PII-93), p. 182 (Feb. 1996). 



us 6,489^46 Bl 

Page 7 



Ching, et al., "Antacids — Indications and Limiiaiions", 
Drugs, vol. 47, No. 2, pp. 305-317 (Feb. 1994). 
Garneti, "Efficacy, Safety, and Cost Issues in Managing 
Paiienis With Gaslroesophagcal Reflux Disease", Am. J. 
Hosp. Plwrm., vol. 50, No. 4 (Suppl. 1), pp. Sll-18 (Apr. 
1993). 

HixsoD, et al., ^'Current Trends in ibe Pharmacotherapy for 
Peptic Ulcer Disease", Arch. Intern. Med., vol. 152, No. 4, 
pp. 726-732 (Apr. 1992). 

Hixson, el al., "Current Trends in the Pharmacotherapy for 

Gastroesophageal Reflux Disease", i4rc/i. Jraern. Med., vol. 

152, No. 4, pp. 717-723 (Apr. 1992). 

Maxwell, el al., "Control of Gastric pH In A Critical Care 

Unit: Physician Behavior and Pharmacologic Efifective- 

ntss'\ Am. Rev: Respin Dis. , vol. 143, No, 4 (Part 2), p. A482 

(1991). 

Siepler, et al., "Selecting Drug Therapy for Patients With 
" Duodenal* UIcers**r Clinical 'Pharmacy;'vo\. 9,' No~6,~pp:- 
463-467 (Jun. 1990). 

Rodrigo, et al., "Tlierapeutic Approach to Peptic Ulcer 
Relapse", Methods Find Exp. Clinical Phannacology, vol. 
n (Supp. 1), pp. 131-135 (1989). 

Deakin, et al., "Therapeutic Progress — Review XXXI 11: Are 
We Making Progress In The Drug Treatment of Oesophageal 
Disease?", JowrTifl/ of Clinical Pharmacy and Therapeutics, 
vol. 13, No. 6, pp. 365-374 (Dec. 1988). 
Walan, "Pharmacological Agents For Peptic Ulcer Disca.se", 
Scand. J, Gastroenterol. Suppl., vol 19, No. 98, p. 1 (1984). 
Al-Assi, et al., "Treatment of Helicobacter Pylori Infection 
With Omeprazole-Amoxicillin Combination Therapy Ver- 
sus Ranilidine/Sodium Bicarbonate-Amoxicillin", The 
American Journal of Gastroeruerology, vol. 90, No. 9, pp. 
1411-1414 (Sep. 1995). 

Tanaka, et al., "Pathogenesis of The Earliest Epithelial Cell 
Damage Induced by Mepirizole and Cysteamine in the Rat 
Duodenum", Japanese Journal of Pharmacology, vol. 51, 
No. 4, pp. 509-519 (Dec. 1989). 

Ya.suda, el al., "Antacids Have No Influence on the Phar- 
macokinetics of Rabeprazole,ANew Proton Pump Inhibitor, 
In Healthy Volunteers", Iniemational Journal of Clinical 
Pharmacology and Therapeutics, vol. 37, No. 5, pp. 
249-253 (1999). 

Andersson, el al., "Pharmacokinetic Studies With Esome- 
prazolc, the (S)-lsomcr of Omeprazole", Clinical Pharma- 
cokinetics, vol. 40, No. 6, pp. 411-426 (2001). 
Maconi, et al., "Prolonging Proton Pump Inhibitor-Based 
Anti-Helicobacter Pylori Treatment From One to Two 
Weeks in Duodenal Ulcer: Is It Worthwhile?", /)i^£?^/ Liver 
Disease, vol. 32, pp. 275-280 (May 2000). 
Doan, ct al., "Comparative Pharmacokinetics and Pharma- 
codynamics of Lansoprazole Oral Capsules and Suspension 
in Healthy Subjects", American Journal of Health-System 
Pharmacists, vol. 58, No. 16, pp. 1512-1519 (Aug. 15, 
2001). 

Pilbrant, "Principles for Development of Antacids", Scand. 
J. Gastroenierol Suppl, vol. 75. pp. 32-36 (1982). 
DiGiacinto, el al., "Stability of Suspension Formulations of 
Lansoprazole and Omeprazole Stored in Amber-Colored 
^ Plastic Oral S\nngcs", Anna Is of Pharmacotherapy, vol. 34, 
No. 5, pp. 600-605 (May 2000). 

Kromer, "Similarities and Differences in the Properties of 
Substituted Benzimidazoles: A Comparison Between Pan- 
toprazole and Related Compounds", Digestion, vo!. 56, No. 
6, pp. 443-454 (1995). 

Thomson, "Are The Orally Administered Proton Pump 
Inhibitors Equivalent? A Comparison of Lansoprazole, 



Omeprazole, Pantoprazole, and Rabeprazole", Current Gas- 
troenierology Reports, vol. 2, No. 6, pp. 482-493 (Dec. 
2000). 

Cederberg, el al.. "Effect of Once Daily Intravenous and 
Oral Omeprazole on 24-Hour Intragastric Acidity in 
Healthv Subjects", Scand. J. Gastroenierol, vol. 28, No. 2, 
pp. 179-184 (Feb. 1993). 

Sharma, et al, "The Pharmacodynamics of Lansoprazole 
Administered Via Gastrostomy as Intact, Non-Encapsulated 
Gxzny}\t%" , Alimentary Pharmacology Therapy, vol. 12, pp. 
1171-1174 (1998). 

Regardb, et al., "Pharmacokinetics and Metabolism of Ome- 
prazole in Animals and Man — An Overview**, Scand. J. 
Ga.siroenterology\ vol. 108, pp. 79-94 (1985). 
Lxindong, et al., "Do.se -Response Study of Omeprazole on 
Meal-Stimulated Gastric-Acid Secretion and Gastrin 
Release". Gastroenterology, vol. 85, No. 6, pp. 1373-1378 
(1983). - - - 

Howden, el al., "Oral Pharmacokinetics of Omeprazole", 
European Journal of Clinical Pharmacology, vol. 26, pp. 
641-643 (1984). 

Prichard, el al., "Omeprazole: A Study of Us Inhibition of 
Gastric pH and Oral Pharmacokinetics After Morning Or 
Evening Dosage", Gastroenterology, vol. 88, Part 1, pp. 
64-69 (1985). 

Oosterhuis, et al. "Omeprazole: Pharmacology, Pharmaco- 
kinetics and Interactions", Digestion, vol. 44, Suppl. 1, pp. 
9-17 (1989). 

Arvidsson, et al., "Peak Distortion in the Column Liquid 
Chromatographic Determination of Omeprazole Dissolved 
in Borax Buffer", Jot/ rwa/ of Chromatography, vol. 586, Part 
2, pp. 271-276 (1991). 

McAnderews, et al., "Alternative Method for Administering 
Proton-Pump Inhibitors Through Nasogastric Tubes", 
American Journal of Health-System Pharmacy, vol. 56 
(May 15, 1999). 

Poster presentation presented in Jan. 1994 by J. Phillips and 
M. Metzler at the Society for Critical Care Medicine Annual 
Meeting relating to SOS. 

University of Mi.ssouri Surgical Society Scientific Program 
presented by J. Phillips entitled "Stress-Related Mucosal 
Damage Optimizing Drug Therapy in the 1990's" (Jun. 
1994). 

Presentation by J. Phillips entitled "Update on Acid-Related 
Disorders — Optimizing Pharmacotherapv for the I990's" 
(1996). 

Presentation by J. Phillips entitled "Stress-Related Mucosal 
Damage — Optimizing Drug Therap/' (1997). 
Presentation by J. Phillips entitled "Overxnew of Omepra- 
zole Suspension — From EfiBcacy to Effectiveness Alterna- 
tive Dosing of PPI's" (Aug. 1998). 

Presentation bv J. Phillips entitled Simplified Omeprazole 
Saspcnsion (SOS) (1998). 

Presentation by J. Phillips entitled "Advances in the Use of 
PPI's From Efficacy to Effectiveness" (1999). 
Presentation by J. Phillips entitled "Overview of Omepra- 
zole Suspension — Problems With Administering Granules" 
(1999/2000). 

Presentation on Over\'iew of Omeprazole Suspension 
entitled "Pharmacotherapy Related Outcomes Group 
Researching Effective Stress Ulcer Strategies" (2000). 
Presentation on Overview of Omeprazole Suspension 
entitled "Stress Ulcer Prophylaxis in the 21" Century" 
(2001). 

* cited by examiner 



U.S. Patent 



Dec. 3, 2002 Sheet 1 of 2 



US 6,489,346 Bl 




FIG. 2 

OVERALL PATIENT ENROLLMENT SCHEME 



NO PRIOR SRMD 
PROPHYLAXIS 
n=65 



H-2 ASSOCIATED 
CLINICAL FAILURES 
n=8 



H-2 ASSOCIATED 
ADVERSE EFFECTS 
n=4 



77 PATIENTS RECEIVED 
OMEPRAZOLE 



2 PATIENTS WERE 
INEVALUABLE 



75 PATIENTS WERE 
EVALUABLE 



U.S. Patent 



Dec. 3, 2002 



Sheet 2 of 2 



US 6,489,346 Bl 



FIG. 3 




^ /a\\^.\\\\\\\Vv\\\\:v.3 // //////K \ \ \ \ \ 

GASTRIC pH pH4HR MEAN pH LOWEST pH 

PRE SOS POST SOS POST SOS POST SOS 

3.5 ±1.9 7.1 ±1.1 6.8 + 0.6 5.6+1.3 



FIG. 4 



GASTRIC 
pH 




CHOCOBASE SLS 
30 MG 



□ □ 



I I I I I I I I I I I I I I I I 1 I I I I M I I I I I I I I I I I , I I I I I I I I I I I M I I I i I I I I I I I I I I I I I I I I I I I I I 

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 



LANSOPRAZOLE 
CAPSULE 30 MG 



TIME (HRS) 



us 6,489346 Bl 

1 2 

SUBSTITUTED BENZIMffiAZOLE DOSAGE dence and Natural History, N Engl. J. Med, 291: 925-929 

FORMS AND METHOD OF USING SAME (1974); Skillman ei al.. Respiratory Failure, Hypotension, 

Sepsis and Jaundice: A Clinical Syndrome Associated with 

This application is a continuation-in-part of U.S. patent ^""^ ^'"c^? '-^'n'^'.T.n ""^ Ulceration, Am. J . 

application Ser. No. 09/183,422 filed on Oct. 30, 1998. now 5 ^"^S"- ^}^'. 523:^30 (1969); and Cook et al R.sk Factors 

abandoned, which is a continuation-in-part of U.S. patent p ' Pf m^h \\°n ,77^^^^^ 

T ,• c M /lo CI J 1 1 tc inn/ bngl. J. Med., 330 377-381 (1994)). One or more of these 

apphcaiion Ser. No^0«/680,376 filed on Jul. 15, 1996, now ^J^^ ^^^^^ ^^^^^ -„ -^^^^^.^^ ^^^^ ^^.^ 

U.S. Pat. No. 5,840,737, which claims pnonty to U.S. ^^^^^^^^ ^ recent cohort study challenges other risk factors 

Provisional Application Scnal No. 60/009.608 filed on Jan. previously identified such as acid-base disorders, multiple 

4, 1996. This apphcaiion claims pnoniy to all such previous jq trauma, significant hypertension, major surgery, multiple 

applications, and such applications are hereby incorporated operative procedures, acute renal failure, sepsis, and coma 

herein by reference. (Cook ct al., Risk Factors for Gastrointestinal Bleeding in 

•ruv'UM.r^A. mc. CriticaUv 111 Patients, N. Engl. J. Med.. 330:377-381 

IbLHNICAL HELD (1994)). Regardless of the risk type, stress-related mucosal 

The present invention relates to pharmaceutical prepara- 15 damage rc.sults in significant morbidity and mortality. Clini- 

tions comprising substituted bcnzimidaz^le proton pump cally significant bleeding occurs in at least twenty percent of 

inhibitors. patients with one or more risk factors who are left untreated 

(Martin et ah. Continuous Intravenous cimeiidine Decreases 

BACKGROUND OF TIIE INVENTION Stress-related Upper Gastrointestinal Hemorrhage Without 

^ , . 1 • J , . *j , r 1. PromotingPneumonia,Crit. Care Med., 21: 19-39 ('1993)). 

Omeprazole is a substituted l>enzimidazole 5-metboxy- 20 Qf those who bleed, approximately ten percent require 

2- (4-methoxy-3 5-dimethyl-2-pyridiDyl)methyl]sulfmyl]. ^^^^^^ gasireciomv) with a reported morialitV of 

iH-benzirnidazole, that inhibits gastnc acid secretion. Om^^ j^^^f^^. '^'^^ (Czaja el al.. Acute Gas- 

prazole belongs to a class of annsecretory compounds called i.oduodenal Disease After -nierrtial Injury: An Endoscopic 

proton pump inhibitors ( PPls ) that do not exhibit anu- Evaluation of Incidence and Natural History, N Engl J. 

cholinergic or H, histamine antagomst properties. Drugs of ^ 291: 925-929 (1974); Peura and Johnson, Cimetidine 

ihis class suppress gastnc acid secretion by the specific fo, Prevention and Treatment of Gastroduodenal Mucosal 

uihibition of the H , K -ATPase enzyme system (proton ^^-^^^ ^^^-^^^ ^^^^ 

pump) at the secretory surface of the gastnc parietal ceU. ^ ^j^^^^ (^^gS)). Those who do not need surgerv 

Typically, omeprazole, lansoprazole and other proton often require multiple transfusions and prolonged hospital- 
pump inhibitors are formulated in an enteric-coated solid ization. Prevention of stress- re la ted upper gastrointestinal 
dosage form (as either a delayed-release capsule or tablet) or bleeding is an important clinical goal, 
as an intravenous solution (or as a product for ^^^^^^^^ ^^^^^^ supportive care, the use of drugs to 
reconstitution), and are prescnbed for short-term treatment ^^^em stress-related mucosal damage and related comph- 
of active duodenal ulcers, gastnc ulcers, gastroesophageal nations is considered by many to be the standard of care 
reflux disease (GERD) severe erosive esophagitis, poorly Drug Evaluations). However, general consensus is 
responsive systematic GERD, and pathological hyper^cre- ,3^1^ ^^^^^ ^^ich drugs to use in this setting (Martin et 
lory conditions such as Zollinger Ellison syndrome. These Continuous Intravenous Cimeiidine Decreases Sircss- 
cond.tions arc cau.scd by an imbalance between aad and related Upper Gastrointestinal Hemorrhage Without Pro- 
pepsin production, called aggressive factors and mucous. n^^ting Pneumonia, Crit. Care Med., 21: 19-39 (1993); 
bicarbonate, and prostaglandin production, called defensive Cafter et al.. Thrombocvtopenia Associated With Hvpersen- 
lactors. These above-hsted conditions commonly arise m 40 Ranitidine: Po.ssible Cros.s-rcactivitv with 
healthy or critically ill patients, and may be accompanied by Cimetidine, Am. J. Gastroenterol, 64: 560-562 (1989) Mar- 
significant upper gastromiesiinal bleeding. ^-^ 5^^,33 yj^^^^^ Q^g^^ p^-j^^^ i^j^^^ated 

H-aniagonisis, antacids, and sucrallate are commonly Patients in Surgical Intensive Care Units, Ann Surg.. 215: 

administered to minimize the pain and the complications 332-337 (1992)). In two recent meta-analyses (Cook et al., 

related to these conditions. The.se drugs have certain disad- 45 Stress Ulcer Prophylaxis in the Critically 111: A Meta- 

vaniages associated with their use. Some of these drugs arc analysis. Am. J. Med., 91: 519-527 (1991); Trvba, Stress 

not completely effective in the treatment of the aforemcn- Ulcer Prophylaxis— Quo Vadis? Intens. Care 'Med. 20: 

lioned conditions and./or produce adverse side effects, such 311-313 (1994)) Antacids, sucralfate, and Hj-antagonisls 

as mental ainfusion, con.stipation, diarrhea, and ihrorabocy- were all found to be superior to placebo and similar to one 

topenia. H.-aniagonists, such as ranitidine and cimetidine, 50 another in preventing upper gastrointestinal bleeding. Yet, 

are relatively costly modes of therapy, particularly in NPO prophylactic agents are withdrawn in fifteen to iwentv 

patients, which frequently require the use of automated percent of patients in which they are employed because o'f 

infusion pumps for continuous intravenous infusion of the failure to prevent bleeding or control pH (Ostro et al., 

t^rug- Control of Gastric pH With Cimetidirc Boluses Versus 

Patients with significant physiologic stress are al risk for Primed Infusions, Gastroenterology, 89: 532-537 (1985) 

stress-related gastric mucosal damage and subsequent upper Sieplcr, A Dosage Alternative for H-2 Receptor Antagonists, 

gastrointestinal bleeding (Marrone and Silen, Pathogenesis, Continuous-Infusion, Clin. Ther., 8 (Suppl A): 24-33 

Diagnosis and Treatment of Acute Gastric Mucosa Lesions, (1986); Ballesieros et al.. Bolus or Intravenous Infusion of 

Clin Gastroenterol 13: 635-650 (1984)). Risk factors that Ranitidine: Effects on Gastric pH and Acid Secretion: A 

have been clearly associated with the development of stress- Comparison of Relative Cost and EfiGcacy, Ann. Intern, 

related mucosal damage are mechanical ventilation, Med., 112:334-339 (1990)). or because of adverse effects 

coagulopathy, extensive bums, head injury, and organ trans- (Gaftcr et al., Thrombocyiopeoia Associated With Hypcr- 

plani (Zinner et al., The Prevention of Gastrointestinal Tract sensitivity to Ranitidine: Possible Cross-reactivity With 

Bleeding in Patients in an Intensive Care Unit, Surg. Cimetidine, Am. J. Gastroenterol, 64: 560-562 (1989); Sax, 

Gynecol. Obsiet., 153: 214-220 (1981); Larson et al., Gas- Clinically Important Adverse Effects and Drug Interactions 

Iric Rcspoase 10 Severe Head Injury, Am. J. Surg. 147: 65 With H2-Receplor Antagonists: An Update, Pharmaco- 

97-105 (1984); Czaja et al.. Acute Gastroduodenal Disease therapy 7(6 pt 2): 110S-115S (1987); Vial ci al.. Side Effects 

After Thermal Injury: An Endoscopic Evaluation of Inci- of Ranitidine, Drug Saf, 6:94-117(1991); Cantu and Korek, 
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Central Nervous Svsiem Reactions to Hisiamine-2 Receptor 
Blockers. Ann. Iniern Med., 114: 1027-1034 (1991); and 
Spvchal and Wickham, Throrabocviopenia Associated With 
Ranitidine, Br. Me<3. J., 291: 1687 (1985)). In addition, the 
characteristics of an ideal agent for the prophylaxis of stress ^ 
gastritis were analyzed by Smythe and Zarowiiz, Changing 
Perspectives of ' Stress Gastritis Prophylaxis, Ann 
Pharmacolhcr, 28: 1073-1084 (1994) who concluded that 
none of the agenls-currently in use fulfill their criteria. 

Stress ulcer prophylaxis has become routine therapy in 
intensive care units in most hospitals (Fabian ei al., Pneu- lO 
monia and Stress Ulceration in Severely Injured Patients, 
Arch. Surg., 128: lS.S-191 (1993); Cook ct al. Stress Ulcer 
Prophylaxis in the Critically HI: A Mela-Analysis. Am. J. 
Med.,'91: 519-527 (1991)). Controversy remains regarding 
pharmacologic intervention to prevent stress-related bleed- 
ing in critical care patients. It has been suggested thai the 
incidence and risk of gastrointestinal bleeding has decreased 
in the last ten years and drug therapy may no longer be 
needed (Cook el al.. Risk Factors for Gastroiniesiinal Bleed- 
ing in Critically lU. Patients, N. Engl. J. Med., 330:377-381 
(1994); Tryba, "Stress Ulcer "Propbylaxis-^Ouo "Vadis? 
Intens. Care' Med. 20: 311-313 (1994); Schepp, Stress Ulcer 
Prophylaxis.: SiiU a Valid Option in the 1990s?, Digestion 
54: 189-199 (1993)). This reasoning is not supported by a 
recent placebo-controlled study. Martin, el al. conducted a 
prospective, randomized, double-blind, placebo-controlled 25 
comparison of continuous- in fusion cimetidine and placebo 
for the prophylaxis of .stress-related mucosal damage. The 
study was terminated early because of excessive bleeding- 
. related mortality in the placebo group. It appears that the 
natural course of stress-related mucosal damage in a patient 30 
at risk who receives no prophylaxis remains significant. In 
the placebo group, thiny-three percent (33%) of patients 
developed clinically significant bleeding, nine percent (9%) 
required transfusion, and six percent (6%) died due to 
bleeding-relaied c\>m plica lions. In comparison, fourteen 
percent (14%) of cimctidinc-trcatcd patients developed 
clinically significant bleeding, six percent (6%) required 
transfusions, and one and one-half percent (1.5%) died due 
to bleeding-related complication. Tht diflference in bleeding 
rates between treatment groups was siaiisiically significanl. 
This study clearly demonstrated that coniinuous-infusion ^ 
cimetidine reduced morbidity in critical care patients. 
Although these data were used to support the approval of 
coniinuous-infusion cimetidine by the Food and Drug 
Administration for stress ulcer prophylaxis, I U -ant agonists 
fall short of being the optimal pharmacotherapeulic agents 4.*; 
for preventing of stress-related mucosal bleeding. 

Another controversy surrounding stress ulcer prophylaxis 
is which drug to use. In addition to the various 
H--antagonisLs, antacids and sucralfate arc oihcr treatment 
options for the prophylaxis of stress-related mucosal dam- 50 
age. An ideal drug in this setting should possess the follow- 
ing characteristics: prevent stress ulcers and their 
complications, he devoid of toxicity, lack drug interactions, 
be selective, have minimal associated cosis (such as person- 
nel lime and materials), and be easy to administer (Smythe 
and Zarowitz, Changing Perspectives of Stress Gastritis 
Prophylaxis, Ann Pharmacother, 28: 1073-1084 (1994)). 
Some have suggested that sucralfate is possibly the ideal 
agent for stress ulcer prophylaxis (Smythe and Zarowitz, 
Changing Perspectives of Stress Gastritis Prophylaxis, Ann 
Pharmacother, 28: 1073-1084 (1994)). Randomized, con- 
trolled studies support the use of sucralfate (Borrero el al., 
Antacids vs. Sucralfate in Preventing Acuie Gastrointestinal 
Tract Bleeding in Abdominal Aortic Aurgery, Arch. Surg., 
121: 810-812 (1986); Tryba, Risk of Acute Stress Bleeding 
and Nosocomial Pneumonia in Vemiiated Intensive Care 65 
Patients. Sucralfate vs. Antacids, Am. J. Med., 87(3B): 
117-124 (1987); Cioffi et al.. Comparison of Acid Neutral- 



izing and Non-acid Neutralizing Stress Ulcer Prophvlaxis in 
Thermally Injured Patients. J. Trauma, 36; 541-547* (1994); 
and Driks el al.. Nosocomial Pneumonia in Intubated 
Patients Given Sucralfate as Compared With Antacids or 
Histamine Type 2 Blockers, N. Engl. J. Med., 317: 
1376-1382 1987)), but data on critical care patients with 
head injur)', trauma, or burns are limited. In addition, a 
recent study comparing sucralfate and cimetidine plus ant- 
acids for stress ulcer prophylaxis reported clinically signifi- 
cant bleeding in three of forty-eight (6%) sucralfate-treated 
patients, one of whom required a gastrectomy (Cioffi ei al.. 
Comparison of Acid Neutralizing and Non-acid Neutralizing 
Stress Ulcer Prophylaxis in Thermally Injured Patients, J. 
Trauma, 36: 541-547 (1994)). In the' study performed by 
Driks and coworkers that compared sucralfate to conven- 
tional therapy (H^-antagonists, antacids, or H 2- ant agonists 
plus antacids), the only patient whose death was attributed 
to stress-related upper gastrointestinal bleeding was in the 
sucralfate arm (Driks et al., Nosocomial Pneumonia in 
Intubated Patients Given Sucralfate as Compared With Ant- 
acids or Histamine T>'pe 2 Blockers, N. Engl. J. Med., 317: 
1376-1382(1987)). 

Hj-antagonisis fulfill many of the criteria for an ideal 
stress ulcer prophylaxis drug. Yet, clinically significant 
bleeds can occur during. H---antagonist prophylaxis (Martin 
ci al. Continuous Intravenous Cimetidine Decreases Stress- 
related Upper Gastrointestinal Hemorrhage Without Pro- 
moting Pneumonia, Cril. Care Med., 21: 19-39 (1993); 
Cook et al. , Stress Ulcer Prophylaxis in the Critically 111: A 
Meta-analysis, Am. J. Med., 91: 519-527 (1991); Schuman 
el al., Prophylactic Therapv for Acute Ulcer Bleeding: A 
Reappraisal, Ann Intern. Med, 106: 562-567 (1987)). 
Adverse events are not uncommon in the critical care 
population (Gafter et al.. Thrombocytopenia Associated 
With Hypersensitivity to Ranitidine: Possible Cross- 
Reactivity With Cimetidine, Am. J. Gastroenterol, 64: 
560-562 (1989); Sax, Oinically Important Adverse Effects 
and Drug Interactions With H2-reccptor Antagonists: An 
Update, Pharmacotherapy 7(6 pt 2): 1 lOS-11 5S ( 1987); Vial 
et al. Side Effects of Ranitidine, Drug Saf., 6:94-117(1991); 
Cantu and Korek, Central Nerv^ous System Reactions to 
Histamine-2 Receptor Blockers, Ann. Intern Med., 114: 
1027-1034 (1991); Spychal and Wickham, Thrombocytope- 
nia Associated With Ranitidine, Br. Med. J.. 291:' 1687 
(1985)). 

One reason proposed for the therapeutic H--aniagonisl 
failures is lack of pH control throughout the treatment period 
(Osiro et al.. Control of Gastric pH With Cimetidine Boluses 
Versus Primed Infusions, Gastroenterology, 89: 532-537 
(1985)). Although the precise pathophysiologic mechanisms 
involved in stress ulceration arc not clearly established, the 
high concentration of hydrogen ions in the mucosa (Fiddian- 
Green et al., 1987) or gastric fluid in contact with mucosal 
cells appears to be an important factor. A gastric pH >3.5 has 
been associated with a lower incidence of stress- related 
mucosal damage and bleeding (Larson et al.. Gastric 
Response to Severe Head Injury, Am. J. Surg. 147: 97-105 
(1984); Skillman et al, Respiratory Failure, Hypotension, 
Sepsis and Jaundice: A Clinical Syndrome Associated Wiih 
Lethal Hemorrhage From Acute Stress Ulceration, Am. J. 
Surg., 117: 523-530 (1969); Skillman et al., The Gastric 
Mucosal Barrier: Clinical and Experimental Studies in Criti- 
cally 111 and Normal Man and in the Rabbit, Ann Surg., 172: 
564-584 (1970); and Priebc and Skillman, Methods of 
Prophylaxis in Stress Ulcer Disease, World J. Surg., 5: 
223-233 (1981)). Several studies have shown that 
H^- ant agonists, even in maximal doses, do not reliably or 
continuously increase intragastric pH above commonly tar- 
geted levels (3.5 to 4.5), This is true especially when used in 
fixed-dose bolus regimens (Ostro et al.. Control of Gastric 
pH With Cimetidine Boluses Versus Primed Infusions, 
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GasirocDterology, 89: 532-537 (1985); Sieplcr, A Dosage 
Alieroalive for H-2 Receptor Antagonisis, CoDiinuous- 
infusion. Clin. Ther. . 8 (Suppl A): 24-33 (1986); Ballesieros 
el al., Bolus or Iniravenous Infusion of Raniiidine: Effects on 
Gastric pH and Acid Secretion: A Comparison of Relative 
Cost and Efficacy, Ann. Intern. Med., 112:334-339 (1990)). 
In addition, gastric pH levels tend to trend do^^^lwa^d with 
time when u.sing a continuoas- infusion of H;- antagonists, 
which may be the result of tachyphylaxis (Ostro et al.. 
Control of Gastric pH With Cimetidine Boluses Versus 
Primed Infusions, Gastroenterolog}', 89: 532-537 (1985); 
Wilder-Smith and Merki, Tolerance During Dosing With 
H..-reccptor Antagonists. An Overview, Scand. J. Gastroen- 
terol 27 (suppl. 193): 14-19 (1992)). 

Because stress ulcer prophylaxis is frequently employed 
in the intensive care unit, it is essential from both a chnical 
and economic standpoint to optimize the pharmacotherapeu- 
tic approach. In an attempt to identify optimal therapy, cost 
of care becomes an Lssue. All treatment costs should be 
considered, including the costs of treatment failures and 
drug-related adverse events. While the actual number of 
. failures jesul ling in mortality is low,.morbidiiy_(e .g., bleed- 
ing that requires blood transfusion) can be high, even though 
iis association with the failure of a specific drug is ofien 
unrecognized. 

Initial reports of increased frequency of pneumonia in 
patients receiving stress ulcer prophylaxis with agents that 
raise gastric pH has influenced the pharmacotherapeutic 
approach to management of critical care patients. However, 
several recent studies (Simms ci al., Role of Gastric Colo- 
nization in the Development of Pneumonia in Critically 111 
Trauma Patients: Results of a Prospective Randomized Trial, 
J. Trauma, 31: 531-536 (1991); Pickworth et ah. Occurrence 
of Nasocomial Pneumonia in Mechanically Ventilated 
Trauma Patients: A Comparison of Sucralfate and 
Raniiidine, Cril. Care Med., 12: 1856-1862 (1993); Ryan et 
al., Nasocomial Pneumonia During Stress Ulcer Prophylaxis 
With Cimetidine and Sucralfate, Arch. Surg., 128: 
1353-1357 (1993); Fabian ct al.. Pneumonia and Stress 
Ulceration in Severely Injured Patients, Arch. Surg., 128: 
185-191 (1993)), a meta-analysis (Cook et al.. Stress Ulcer 
Prophylaxis in the Critically 111: A Meta-analysis, Am. J. 
Med.. 91: 519-527 (1991)), and a closer examination of the 
studies that initialed the elevated pH-associated pneumonia 
hypotheses (Schepp, Stress Ulcer Prophylaxis: Still a Valid 
Option in the 1990s?, Digestion 54: 189-199 (1993)) cast 
doubt on a causal relationship. The. relationship between 
pneumonia and antacid iherapy is much stronger than for 
H^-antagonists. The shared effect of antacids and 
H^-antagonists on gastric pH seems an irresistible common 
cause explanation for nosocomial pneumonia observed dur- 
ing stress ulcer prophylaxis. However, there arc important 
differences between these agents that are not often empha- 
sized (Laggner el al.. Prevention of Upper Gastrointestinal 
Bleeding in Long-term Ventilated Patients, Am. J. Med., 86 
(suppl 6A) : 81-84 (1989)). When antacids are exclusively 
used to control pH in the prophylaxis of stress-related upper 
gastrointestinal bleeding, large volumes are needed. Volume, 
with or without subsequent reflux, may be the underlying 
mechanism(s) promoting the development of pneumonia in 
susceptible paiienl populations rather than the increased 
gastric pH. Tlie rale of pneumonia (12%) was not unex- 
pected in this critical care population and compares with 
sucralfate, which does not significantly raise gastric pH 
(Pickworth ct al. Occurrence of Nasocomial Pneumonia in 
Mechanically Ventilated Trauma Patients: A Comparison of 
Sucralfate and Raniiidine, Cril. Care Med., 12: 1856-1862 
(1993); Ryan el al., Nasocomial Pneumonia During Stress 
Ulcer Prophylaxis With Cimetidine and Sucralfate, Arch. 
Surg.. 128: 1353-1357 (1993)). 

Omeprazole (Prilosec®), lansoprazole (Prevacid®) and 
other PPls reduce gastric acid production by inhibiting 
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H*,K"^-ATPasc of the parietal ccU-thc final common path- 
way for gastric acid secretion (Fellenius et al.. Substituted 
Bcnzimidazolcs Inhibit Gastric Acid Secretion bv Blocking 
H%K"-ATPase, Naiurc. 290: 159-161 (1981); Wallmark ci 
al. The Relationship Between Gastric Acid Secretion and 
Gastric H*,K*-ATPasc Activity, J. Biol. Chem., 260: 
13681-13684 (1985); Fryklund el al.. Function and Struc- 
ture of Parietal Cells After H*,K*-ArPasc Blockade, Am. J. 
Phvsiol., 254 (3 pt 1) ; G399-407 (1988)). 

PPls contain a sulfinyl group in a bridge between substi- 
tuted benzimidazole and pyridme rings, as illustrated below. 
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Ai neutral pH, omeprazole, lansoprazole and other PPls 
are chemically stable, lipid-soluble, weak bases thai arc 
devoid of inhibitor)' activity. These neutral weak bases reach 
parietal cells from the blood and diffuse into the secretory 
canaliculi, where the drugs become protonated and thereby 
trapped. The protonated agent rearranges to form a sulfenic 
acid and a sulfenamide. The sulfenamide interacts 
covalently with sulfhydryl groups at critical sites in the 
extracellular (luminal) domain of the membrane-spanning 
H*,K*-ATPase (Hardraan el al., Goodman <&. Gibnan's The 
Pharmacological Basis of Therapeutics, p. 907 (9"* ed. 
1996)). Omeprazole and lansoprazole, therefore, are pro- 
drugs that must be activated lo be eflfective. The specificity 
of the effects of PPIs is also dependent upon: (a) the 
selective distribution of H*,K*-ATPase; (b) the requirement 
for acidic conditions to catalyze generation of the reactive 
inhibitor; and (c) the trapping of the protonated drug and the 
cationic sulfenamide within the acidic canaliculi and adja- 
cent to the target enzyme. (Hardman et al., 1996)). 

Omeprazole and lansoprazole are available for oral 
administration as enteric coated particles in gelatin capsules. 
Other proton pump inhibitors such as rabeprazole and pan- 
toprazole are supplied as enteric coated tablets. The enteric 
dosage forms of the prior art have been employed because 
it is very important that these drugs not be exposed to gastric 
acid prior to absorption. Although these drugs are stable at 
alkaline pH, they are destroyed rapidly as pH falls (e.g., by 
gastric acid). Therefore, if the microencapsulation or the 
enteric coating is disrupted (e.g., trituration to compound a 
liquid, or chewing the capsule), the drug -ftill be exposed to 
degradation by the gastric acid in the stomach. 

Tt\t absence of an intravenous or oral liquid dosage form 
in the United-States has limited the testing and use of 
omeprazole, lansoprazole and rabeprazole in the critical care 
patient population. Barie et al., Tlierapeuiic Use of Ome- 
prazole for Refractory Stress-induced Gastric Mucosal 
Hemorrhage, Crit. Care Med., 20: 899-901 (1992) have 
described the use of omeprazole enteric-coated pellets 
administered through a nasogastric tube to control ga.s- 
trointestinal hemorrhage in a critical care patient with multi- 
organ failure. However, such pellets are not ideal as they can 
aggregate and occlude such tubes, and they are not suitable ^ 
for patients who cannot swallow the pellets. Am J. Health- 
Syst Pharm 56:2327-30 (1999). 

Proton pump inhibitors such as omeprazole represent an 
advantageous alternative to the use of H^-aniagonists, 
antacids, and sucralfate as a treatment for complications 45 
related lo stress-related mucosal damage. However, in their 
current form (capsules containing enteric-coated granules or 
enteric-coated tablets), proton pump inhibitors can be diffi- 
cult or impossible to administer to patients who are either- 
unwilling or unable to swallow tablets or capsules, such as 
critically ill patients, children, the elderly, and patients 
suffering from dysphagia. Therefore, it would be desirable lo 
formulate a proton pump inhibitor solution or suspension 
which can be ente rally delivered to a patient thereby pro- 
viding the benefits of the proton pump inhibitor without the 
drawbacks of the current enteric-coated solid dosage forms. ^' 

Omeprazole, the first proton pump inhibitor introduced 
into use, has been formulated in many different embodi- 
ments such as in a mixture of polyethylene glycols, adeps 
solidus and sodium lauryl sulfate in a soluble, basic amino 
acid to yield a formulation designed for administration in the 
rectum as taught by U.S. Pat. No, 5,219,870 to Kim. 

U.S. Pat. No. 5,395,323 to Berglund (*323) discloses a 
device for mixing a pharmaceutical from a solid supply into 
a parenierally acceptable liquid form for parenteral admin- 
istration to a patient. The '323 patent teaches the u.se of an 
omeprazole tablet which is placed in the device and dis- 
solved by nonmal saline, and infused parenierally into the 
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patient, TTiis device and method of parenteral infusion of 
omeprazole does not provide the omeprazole solution as an 
enteral product, nor is this omeprazole solution directly 
administered to the diseased or affected areas, namely the 
stomach and upper gastrointestinal tract, nor docs this ome- 
prazole formulation provide the immediate antacid effect of 
the present formulation.. 

U.S. Pal. No. 4,786,505 to Lovgren et al. discloses a 
pharmaceutical preparation containing omeprazole together 
with an alkaline reacting compound or an alkaline salt of 
omeprazole optionally together with an alkaline compound 
as a core material in a tablet formulation. Tte use of the 
alkaline material, which can be chosen from such substances 
as the sodium salt of carbonic acid, are used to form a 
"micro-pH" around each omeprazole particle to protect the 
omeprazole which is highly sensitive to acid pH. The 
powder mixture is then formulated to small beads, pellets, 
tablets and may be loaded into capsules by conventional 
pharmaceutical procedures. This formulation of omeprazole 
does not provide an omeprazole dosage form which can be 
enterally administered to a patient who may be unable 
and/or unwilling lo swallow capsules, tablets or pellets, nor 
does it teach a convenient form which can be used to make 
an omeprazole or other proton pump inhibitor solution or 
suspension. 

Several buffered omeprazole oral solutions/suspensions 
have been disclosed. For example, Pilbrant et al.. Develop- 
ment of an Oral Formulation of Omeprazole, Scand. J. 
Gastroent. 20 (Suppl. 108): 113-120 (1985) leaches the use 
of micronized omeprazole suspended in waler, methylcel- 
iulo.se and sodium bicarbonate in a concentralion of approxi- 
mately 1 .2 mg oraeprazole/ml suspension. 

Andersson et el.. Pharmacokinetics of Various Single 
Intravenous and Oral Doses of Omeprazole, Eur J. Clin. 
Pharmacol. 39:, 195-197 (1990) discloses 10 mg, 40 mg, 
and 90 mg of oral omeprazole dissolved in PEG 400, sodium 
bicarbonate and water. The concentration of omeprazole 
cannot be determined as volumes of diluent are not dis- 
closed. Nevertheless, it is apparent from this reference that 
multiple doses of sodium bicarbonate were administered 
with and after the omeprazole suspension. 

Andersson et al.. Pharmacokinetics and Bioavailability of 
Omeprazole After Single and Repeated Oral Administration 
in Healthy Subjects, Br. J. Clin. Pharmac. 29: 557-63 (1990) 
leaches the oral use of 20 mg of omeprazole, which was 
dissolved in 20 g of PEG 400 (sp. gravity-1.14) and diluted 
with 50 ml of sodium bicarbonate, resulting in a concentra- 
lion t)r 0.3 mg/ml. 

Regardh et al.. The Pharmacokinetics of Omeprazole in 
Humans — A Study of Single Intravenous and Oral Doses, 
Ther. Drug Mon. 12: 163-72 (1990) discloses an oral dose 
of omeprazole at a concentralion 0.4 mg,/ml after the drug 
was dissolved in PEG 400, water and sodium bicarbonate. 

Landahl et al.. Pharmacokinetics Study of Omeprazole in 
Elderly Heahhy Volunteers, Clin. Pharmacokinetics 23 (6): 
469-476 (1992) leaches ihe u.se of an oral dose of 40 mg of 
omeprazole dissolved in PEG 400, sodium bicarbonate and 
water. This reference does not disclose the final concentra- 
tions utilized. Again, this reference leaches the multiple 
administration of sodium bicarbonate after the omeprazole 
solution. 

Andersson et al.. Pharmacokinetics of [^"^C] Omeprazole 
in Patients with Liver Cirrhosis, Clin. Pharmacokinetics 
24(1): 71-78 (1993) discloses the oral administration of 40 
mg of omeprazole which was dissolved in PEG 400, water 
and sodium bicarbonate. This reference does not teach the 
final concentration of the omeprazole solution administered, 
although it emphasizes the need for concomitant sodium 
bicarbonate dosing to prevent acid degradation of the drug. 
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Nakagawa, e! al.. Lansoprazole: Phase 1 Study of lanso- 
prazole (AG- 1749) Anli-ulcer Agenl, J. Clin. Tberapeuiics 
& Med. (1991) teaches the oral administration of 30 mg of 
lansoprazole suspended in 100 ml of sodium bicarbonate 
(0.3 mg/'ml), which was administered to patients through a 
nasogastric tube. 

All of the buffered omeprazole solutions described in 
these references were administered orally, and were given to 
healthy subiecls who were able to ingest the oral dose. In all 
of these studies, omeprazole was suspended in a solution 
including sodium bicarbonate, as a pH buffer, in order to 
protect the acid sensitive omeprazole during administration. 
In all of these studies, repealed administration of sodium 
bicarbonate both prior to, during, and following omeprazole 
administration were required in order to prevent acid deg- 
radation of the omeprazole given via the oral route of 
administration. In the above-cited studies, as much as 48 
mmoles of sodium bicarbonate in 300 ml of water must be 
ingested for a single dose of omeprazole to be orally 
administered. 

The birffered~omeprazole solutions" of the~al5bve' cited 
prior art require the ingestion of large amounts of stxlium 
bicarbonate and large volumes of water by repealed admin- 
istration. I'his has been considered necessary to prevent acid 
degradation of the omeprazole. In the above-cited studies, 
basically healthy volunleers, rather than sick patients, were 
given dilute buffered omeprazole utilizing pre-dosing and 
post-dosing with large volumes of sodium bicarbonate. 

The administration of large amounts of sodium bicarbon- 
ate can produce at least six significant adverse effects, which 
can dramatically reduce the efficacy of the omeprazole in 30 
patients and reduce the overall heahh of the patients. First, 
the fluid volumes of these dosing protocols would not be 
suitable for sick or critically ill patients who must receive 
multiple doses of omeprazole. The large volumes would 
result in the distention of the stomach and increase the 35 
likelihood nf complications in critically ill patients such as 
the aspiration of gastric contents. 

Second, because bicarbonate is usually neutralized in the 
stomach or is absorbed, such lhat belching results, patients 
with gastroesophageal reflux may exacerbate or worsen their 40 
refiux disease as the belching can cause upward movement 
of stomach acid (Brunion, Agents for the Control of Ga.stric 
Acidity and Treatment of Peptic Ulcers, In, Goodman A G, 
et al. I'he Pharmacologic Basis of Therapeutics (New York, 
p. 907 (1990)). ^5 

Third, patients with conditions such as hypertension or 
heart failure are standardly advised to avoid the intake of 
excessive sodium as it can cause aggravation or exacerba- 
tion of their hypertensive conditions (Brunion, supra). The 
ingestion of large amounts of sodium bicarbonate is incx)D- 
sisient with this advice. 

Fourth, patients with numerous conditions that typically 
accompany critical illness should avoid the intake of exces- 
sive sodium bicarbonate as it can cause metabolic alkalosis 
ihai can result in a serious worsening of the patient's 
condition. 

Fifth, excessive antacid intake (such as sodium 
bicarbonate) can result in drug interactions lhat produce 
serious adverse effects. For example, by altering gastric and 
urinary pH, antacids can alter rates of drug dissolution and 
absorption, bioavailability, and renal elimination (Brunion, 
supra). 

Sixth, because the buffered omeprazole solutions of the 
prior art require prolonged administration of sodium 
bicarbonate, it makes it difficult for patients to comply with 
the regimens of the prior art. For example, Pilbrant, et al. 65 
disclose an oral omeprazole administration protocol calling 
for the administration to a subject who has been fasling for 
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at least ten hours, a solution of 8 mmoles of sodium 
bicarbonate in 50 ml of water. Five minutes later, ihe subject 
ingests a suspension of 60 mg of omeprazole in 50 ml of 
water that also contains 8 mmoles of sodium bicarbonate. 
5 This is rinsed down with another 50 ml of 8 mmoles sodium 
bicarbonate solution. Ten minutes after ihc ingestion of ihc 
omeprazole dose, the subject ingests 50 ml of bicarbonate 
solution (8 mmoles). This is repeated at twenty minutes and 
thirty minutes post omeprazole dosing lo yield a lolal of 48 
mmoles of, sodium bicarbonate and 300 ml of water in loial 
which arc ingested by the subject for a single omeprazole 
dose. Not only does this regimen require the ingestion of 
excessive amounts of bicarbonate and water, which is likely 
to be dangerous to some patients, it is unlikely lhat even 
healthy patients would comply with this regimen. 
J 5 It is well documented lhat patients who are required lo 
follow complex schedules for drug administration are non- 
compliant and, thus, the efficacy of the buffered omeprazole 
solutions of the prior an would be expected lo be reduced 
due to non-compliance. Compliance has been found to be 
20 markedly-reduced when patients are required to deviate from 
a schedule of one or two (usually morning and night) doses 
of a medication per day. The use of the prior art buffered 
omeprazole solutions which require administration proto- 
cols with numerous steps, different drugs (sodium 
25 bicarbonaie+omeprazole-i-PEG 400 versus sodium bicarbon- 
ate alone), and specific time allotments between each stage 
of the total omeprazole regimen in order to achieve effica- 
cious results is clearly in contrast with both current drug 
compliance theories and human nature. 

The prior art (Pilbrant et al., 1985) leaches thai the 
buffered omeprazole suspension can be stored at refrigerator 
temperatures for a week and deep frozen for a year while 
still maintaining 99% of its initial potency, it wotild be 
desirable to have an omeprazole or other proton pump 
inhibitor solution or suspension that could be stored at room 
temperature or in a refrigerator, for periods of lime which 
exceed those of the prior art while still maintaining 99% of 
the initial potency. Additionally, it would be advantageous lo 
have a form of the omeprazole and bicarbonate which can be 
utilized to instantly make the omeprazole solution/ 
suspension of the present invention which is suppHed in a 
solid form which imparts the advantages of improved shelf- 
life ai room temperature, lower cost to produce, less expen- 
sive shipping costs, and which is less expensive lo store. 

It would, therefore, be desirable to have a proton pump 
inhibitor formulation, which provides a cost-effeclive means 
for the treatment of the aforementioned conditions without 
the adverse effect profile of H; receptor antagonists, 
antacids, and sucralfate. Further, it would be desirable to 
have a proton pump inhibitor formulation which is conve- 
nient to prepare and administer to patients unable lo ingesl 
.solid dosage forms such as tablets or capsules, which is 
rapidly absorbed, and can be orally or cnierally delivered as 
a liquid form or solid form. Ii is desirable that the liquid 
formulation not clog indwelling lubes, such as nasogastric 
tubes or other .similar tubes, and which ads as an antacid 
immediately upon delivery. 

It would further be advantageous to have a potentiator or 
enhancer of the pharmacological activity of the PPls. It has 
been theorized by applicant thai the PPIs can only exert their 
effects on H*,K*-ATTase when the parietal cells are active. 
Accordingly, applicant has identified, as discussed below, 
parietal cell activators that are administered to synergisli- 
cally enhance the activity of ihe PPIs, 

Additionally, the intravenous dosage forms of PPIs of the 
prior art are often administered in larger doses than the oral 
forms. For example, the typical adult IV dose of omeprazole 
is greater than 100 mg,/day whereas the adult oral dose is 20 
to 40 mg/day. Large IV doses are necessary to achieve the 
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desired pharmacologic effect because, it is believed, maDy of 
the parietal cells are in a resting phase (mostly inactive) 
during an IV dose given to patients who are not taking oral 
substances by mouth (npo) and, therefore, there is little 
active (that which is inserted into the secretory canalicular 
membrane) H*,K*-ATPasc to inhibit. Because of the clear 
disparity in the amount of dnig necessary for IV versus oral 
doses, it would be ver>' advantageous to have compositions 
and methods for IV administration where significantly less 
drug is required. 

SUMMARY OF THE INTVENTION AND 
ADVANTAGES 

The foregoing advantages and objects are accomplished 
by the present invention. The present invention provides an 
oral solution/suspension comprising a proton pump inhibitor 
and at least one buffering agent. The PPI can be any 
substituted benzimidazole compound having H*,K^-ATPase 
inhibiting activity and being unstable to acid. Omeprazole 
and lan.sopraxole are the preferred PPls for use in oral 
suspensions in concentrations of at least 1.2 mg/ml and 03 
mg/ml, respectively. The liquid oral compositions can be 
further comprised of parietal cell activators, anti-foaming 
agents and/or flavoring agents. 

The inventive compt)siiion can alternatively be formu- 
lated as a powder, tablet, suspension tablet, chewablc tablet, 
capsule, effervescent powder, effer\'esceni tablet, pellets and 
granules. Such dosage forms are advantageously devoid of 
any enteric coaling or delayed or sustained-release delivery 
mechanism.s and comprise a PPI and at least one buffering 
agent to protect the PPI against acid degradation. Similar to 
the liquid dosage form, the dry forms can further include 
anti-foam ing agents, parietal cell activators and Savoring 
agents. 

KiLs utilizing the inventive dry dosage forms arc also 
disclosed herein to provide for the easy preparation of a 
liquid composition from the dry forms. 

In accordance with the present invention, there is further 
provided a method of treating gastric acid disorders by 
administering to a patient a pharmaceutical composition 
comprising a proton pump inhibitor in a pharmaceutically 
acceptable carrier and at least one buffering agent wherein 
the administering step comprises providing a patient with a 
single dose of the composition without requiring further 
administering of the buffering agent. 

Additionally, the present invention relates to a method for 
enhancing the pharmacological activity of an intravenously 
administered proton pump inhibitor in which at least one 
parietal cell activator is orally administered to the patient 
before, during and/or after the intravenous administrations 
of the proton pump inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention will be readily 
appreciated as the same becomes better understood by 
reference to the following detailed description when con- 
sidered in connection with the accompanying drawing 
wherein: 

FIG. 1 is a graph showing the effect of the omeprazole 
solution of the present invention on gastric pH in patients at 
risk for upper gastrointcsiinal bleeding from stress-related 
mucosal damage; 

FIG. 2 is a flow chart iUusiraling a patient enrollmeot 
scheme; 

FIG. 3 is a bar graph illustrating gastric pH both pre- and 
post-administration of omeprazole solution according to the 
present invention; and 

FIG. 4 is a graph illustrating the stomach pH values after 
the oral administration of both chocolate plus lansoprazole 
and lansoprazole alone. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

In general, the present invention relates to a pharmaceu- 
tical composition comprising a proton pump inhibitor and a 

^ buffering agent with or without one or more parietal cell 
activators. While the present invention may be embodied in 
many different forms, several specific embodiments are 
discussed herein with the understanding that the present 
disclosure is to be considered only as an exemplification of 

30 the principles of the invention, and it is not intended to limit 
the invention to the embodiments illustrated. 

For the purposes of this application, the term **proion 
pump inhibitor" (PPI) shall mean any substituted benzimi- 
dazole possessing pharmacological actixiiy as an inhibitor of 

15 H*,K*-ATPase, including, but not limited to, omeprazole, 
lansoprazole, pantoprazole, rabeprazole, dontoprazole, pcr- 
prazole (s-omeprazole magnesium), habeprazole, 
ransoprazole, pariprazolc, and Icminoprazole in neutral form 
or a salt form, a single enantiomer or isomer or other 

20 derivative or an alkaline salt of an enantiomer of the same. 
The inventive composition comprises dry formulations, 
solutions and/or suspensions of the proton pump inhibitors. 
As used herein, the terms ''suspension" and "solution" are 
interchangeable with each t>thLT and mean solutions and/or 
suspensions of the substituted bcnziraidazoles. 

After absorption of the PPI (or administration 
intravenously) the drug is delivered via the bloodstream to 
various tissues and cells of the body including the parietal 
cells. Research suggests that the PPI iis in the form of a weak 
base and is non-ionized and thereby freely passes through 
physiologic membranes, including the cellular membranes 
of the parietal cell. It is believed that the non-ionized PPI 
moves into the acid-secrciing ponion of the parietal cell, the 
secretory canaliculus. Once in the acidic millicu of the 
secretory canaliculus, the PPI is apparently proionated 
(ionized) and converted to the active form of the drug. 
Generally, ionized proton pump inhibitors are membrane 
impermeable and form disulfide covalent bonds with cys- 
teine residues in the alpha subunit of the proton pump. 
The inventive pharmaceutical composition comprising a 

*0 proton pump inhibitor such as omcpra/x)le, lansoprazole or 
other proton pump inhibitor and derivatives thereof can be 
used for the treatment or prevention of gastrointestinal 
conditions including, but not limited to, active duodenal 
ulcers, ga.stric ulcers, gastroesophageal reflux disease 

45 (GERD), severe erosive esophagitis, poorly responsive sys- 
tematic GERD, and pathological hypersecretory conditions 
such as Zollinger Ellison Syndrome. Treatment of these 
conditions is accomplished by administering lo a patient an 
effective amount of the pharmaceutical composition accord- 
ing to the present invention. 

The proton pump inhibitor is administered and dosed in 
accordance with good medical practice, taking into account 
the clinical condition of the individual patient, the site and 
method of administration, scheduling of administration, and 
other factors known lo medical practitioners. The term 
"effective amount" means, consistent with considerations 
known in the art, the amount of PPI or other agent effective 
to achieve a pharmacologic effect or therapeutic improve- 
ment without undue adverse side effects, including but not 
limited to, raising of gastric pH, reduced gastrointestinal 

^ bleeding, reduction in the need for blood transfusion, 
improved survival rale, more rapid recovery, parietal cell 
activation and H*,K*-ATPase inhibition or improvement or 
elimination of symptoms, and other indicators as are 
selected as appropriate measures by those skilled in the art. 

65 The dosage range of omeprazole or other proton pump 
inhibitors such as substituted benzimidazoles and deriva- 
tives thereof can range from approximately <2 mg/day lo 
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approximately 300 mg/day. The standard approximate daily 
oral dosage is lypically 20 mg of omeprazole, 30 mg 
lansoprazole, 40 mg panioprazolc, 20 mg rabeprazole, and 
the pharmacologically equivalent doses of the following 
PPls: habcprazole, pariprazole, donloprazole, ransoprazole, 
perprazole (s-omeprazole magnesium), and leminoprazole, 

A pharmaceuiical formulation of the proton pump inhibi- 
lors utilized in the present invention can be administered 
orally or enieraUy to the patient, lliis can be accomplished, 
for example, by administering the solution via a nasogastric 
(ng) rube or other indwelling tubes placed in the Gl uact. In 
order to avoid the critical disadvantages associated with 
administering large amounts of sodium bicarbonate, the PPI 
solution of the present invention is administered in a single 
dose which does not require any further administration of 
bicarbonate, or large amounts of bicarbonate, or other buffer 
following the administration of the PPI solution, nor docs it 
require a large amount of bicarbonate or buffer in total. Thai 
is, unlike the prior an PPI solutions and administration 
protocols outlined above, the formulation of the present 
invention -is given -in a single dose which does not require 
administration of bicarbonate either before or after admin- 
istration of the PPI. The present invention eliminates the 
need to pre-or post-dose with additional volumes of water 
and .sodium bicarbonate. The amount of bicarbonate admin- 
istered via the single dose administration of the present 
invention is less than the amount of bicarbonate adminis- 
tered as taught in the prior art references cited above. 

Preparation of Oral Liquids 

The liquid oral pharmaceutical composition of the present 
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amino acid and a buffer, a mixture of aluminum glycinaic 
and a buffer, a mixture of an acid salt of an amino acid and 
a buffer, and a mixture of an alkali salt of an amino acid and 
a buffer Additional buffering agents include sodium citrate, 
sodium tartarale, sodium acetate, sodium carbonate, .sodium 
polyphosphate, potassium polyphosphate, sodium 
pyrophosphate, potassium pyrophosphate, disodium 
bydrogenphosphaie, dipotassium hydrogenphospbate, triso- 
dium phosphate, iripotassium phosphate, sodium acetate, 
potassium metaphosphate, magnesium oxide, magnesium 
hydroxide, magnesium carbonate, magnesium silicate, cal- 
cium acetate, calcium glycerophosphate, calcium cholride, 
calcium hydroxide, calcium lactate, calcium carbonate, cal- 
cium bicarbonate, and other calcium salts. 

The pharmaceutically acceptable carrier of the oral liquid 
preferably comprises a bicarbonate salt of Group lA metal as 
buffering agent, and can be prepared by mixing the bicar- 
bonate salt of the Group lA metal, preferably sodium 
bicarbonate, with water. The concentration of the bicarbon- 
ate salt of the Group lA metal in the composition generally 
-ranges from approximately 5.0 percent to approximately 
60.0 percent. Preferably, the concentration of the bicarbon- 
ate salt of the Group I A metal ranges from approximately 7.5 
percent to approximately 10.0 percent. In a preferred 
embodiment of the present invention, sodium bicarbonate is 
the preferred salt and is present in a concentration of 
approximately 8.4 percent. 

More specifically, the amount of sodium bicarbonate 
8.4% used in the solution of the present invention is approxi- 
mately 1 mEq (or mmole) sodium bicarbonate per 2 mg 



invention is prepared by mixing omeprazole (Prilosec® 30 omeprazole, with a range of approximately 0.2 mEq 
AstraZeneca) or other proton pump inhibitor or derivatives (mmole) to 5 mEq (mmole) per 2 mg of omeprazole. 
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thereof with a solution including at least one buffering agent 
(with or without a parietal cell activator, as discussed 
below). Preferably, omeprazole or other proton pump 
inhibitor, which can be obtained from a capsule or tablet or 
obtained from the solution for parenteral administration, is 
mixed with a sodium bicarbonate solution to achieve a 
desired final omeprazole (or other PPI) concentration. As an 
example, the concentration of omeprazole in the solution 
can range from approximately 0.4 rag/ml to approximately 
10.0 mg./ml. The preferred concentration for the omeprazole 
in the solution ranges from approximately 1.0 mg/ml lo 
approximately 4.0 mg'ml, with 2.0 mg./ml being the standard 
concentration. For lansoprazole (Prevacid® TAP 
Pharmaceuticals, Inc.) the concentration can range from 
about 0.3 mg/ml to 10 rag/ml with the preferred concentra- 
tion being about 3 mg/'ml. 

Although sodium bicarbonate is the preferred buffering 
agent employed in the present invention to protect the PPI 
against acid degradation, many other weak and strong bases 
(and mixtures thereof) can be utilized. For the purposes of 50 
this application, "buffering agent" shall mean any pharma- 
ceutically appropriate weak base or strong base (and mix- 
tures thereof) that, when formulated or delivered with (e.g.. 
before, during and/or after) the PPI, functions lo substan- 
tially prevent or inhibit the acid degradation of the PPI by 
gastric acid suIEcient to preserve the bioavailability of the 
PPI administered. The buffering agent is administered in an 
amount sufficient to substantially achieve the above func- 
tionality. Therefore, the buffering agent of the present 
invention, when in the presence of gastric acid, must only 
elevaie the pH of the stomach sufficiently to achieve 
adequate bioavailability of the drug to effect therapeutic 
action. 

Accordingly, examples of buffering agents include, but 
are not limited lo, sodium bicarbonate, potassium 
bicarbonate, magnesium hydroxide, magnesium lactate, 
magnesium glucomate, aluminum hydroxide, aluminum 
hydroxide/sodium bicarbonate coprecipitate, a mixture of an 
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(mmole) to 5 mEq (mmole) per 2 mg of omeprazole. 

In a preferred embodiment of the present invention, 
enterically-coated omeprazole panicles are obtained from 
delayed release capsules (Prilosec® AstraZeneca). 
Alternatively, omeprazole powder can be used. The entcri- 
cally coated omeprazole panicles are mixed with a sodium 
bicarbonate (NaHCOs) solution (8.4%), which dissolves the 
enteric coating and forms an omeprazole solution. The 
omeprazole solution has pharmacokinetic advantages over 
standard time-released omeprazole capsules, including: (a) 
more rapid drug absorbance time (about 10 to 60 minutes) 
following administration for the omeprazt)le solution versus 
about 1 to 3 hours following administration for the enteric- 
coated pellets; (b) the NaHCO^ solution protects the ome- 
prazole from acid degradation prior to absorption; (c) the 
NaHCO^ acts as an antacid while the omeprazole is being 
absorbed; and (d) the solution can be administered through 
an existing indwelling tube without clogging, for example, 
nasogastric or other feeding tubes (jejunal or duodenal), 
including small bore needle catheter feeding tubes. 

Additionally, various additives can be incorporated into 
the inventive solution to enhance its .stability, sterility and 
isotonicity. Further, antimicrobial preservatives, 
antioxidants, chelating agents, and additional buffers can be 
added, such as ambicin. However, microbiological evidence 
shows that this formulation inherently possesses antimicro- 
bial and antifungal activity. Various antibacterial and anti- 
fungal agents such as, for example, parabens, chlorobutanol, 
phenol, sorbic acid, and the like can enhance prevention of 
the action of microorganisms. 

In many cases, it would be desirable to include isotonic 
agents, for example, sugars, sodium chloride, and the like. 
Additionally, thickening agents such as methylcellulosc arc 
desirable to use in order to reduce the settling of the 
omeprazole or other PPI or derivatives thereof from the 
suspension. 

The liquid oral solution may further comprise flavoring 
agents (e.g., chocolate, root beer or watermelon) or other 
flavorings stable at pH 7 to 9, anti-foaming agents (e.g.. 
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simethicone 80 mg, Mylicon®) and parieial cell aciivaiors 
(discussed below). 

The preseni invention further includes a pharmaceuiical 
compositioD comprising omeprazole or other proton pump 
inhibitor and derivatives thereof and at least one buffering 
agent in a form convenient for storage, whereby when the 
composition is placed into an aqueous solution, the compo- 
sition dissolves yielding a suspension suitable for enteral 
administration to a subject. The pharmaceuiical composition 
is in a solid form prior to dissolution or suspension in an 
aqueous solution. The omeprazole or other PPls and buff- 
ering agent can be formed into a tablet, capsule, pellets or 
granules, by methods well known to those skilled in the an. 

The resultant omeprazole solution is stable at room tem- 
perature for several weeks and inhibits the growth of bac- 
teria or fungi as shown in Example X below. Indeed, as 
established in Example XllI, the solution maintains greater 
than 90% of its potency for 12 months. By providing a 
pharmaceutical composition including omeprazole or other 
PPI with buffer in a solid form, which can be later dissolved 
"6r"suspem3ed'in VpFesc'fibed~arn6unl of "aqueous solutioiftcr 
yield the desired concentration of omcprayx>lc and buffer, the 
cost of production, shipping, and storage are greatly reduced 
as no liquids are shipped (reducing weight and cost), and 
there is no need to refrigerate the solid form of the compo- 
sition or the solution. Once mixed the resultant .solution can 
then be used to provide dosages for a single patient over a 
course of time, or for several patients. 

Tablets and Other Solid Dosage Forms 

As mentioned above, the formulations of the preseni 
invention can also be manufactured in concentrated forms, 
such as tablets, suspension tablets and effer\-esceni tablets or 
powders, such that upon reaction with waier or other diluent, 
the aqueous form of the preseni invention is produced for 
oral, enteral or parenteral administration. 

The present pharmaceutical tablets or oiher solid dosage 
forms disintegrate rapidly in aqueous media and form an 
aqueous solution of the PPI and buffering ai;cnt with mini- 
mal shaking or agitation. Such tablets utili7x: commonly 
available materials and achieve these and other desirable 
objectives. The tablets or other solid dosage forms of ihis 
invention provide for precise dosing of a PPI that may be of 
low solubility in water. They are particularly useful for 
medicating children and the elderly and others in a way that 
is much more acceptable than swallowing or chewing a 
tablet. The tablets that are produced have low friability, 
making them easily transportable. 

The term "suspension tablets" as used herein refers to 
compressed tablets which rapidly disintegrate after they arc 
placed in water, and are readily dispersible to form a 
suspension containing a preci.'k; dosage of the PPI. The 
suspension tablets of this invention comprise, in 
combination, a therapeutic amount of a PPI, a buffering 
agent, and a disiniegrant. More particularly, the suspension 
tablets comprise about 20 mg omeprazole and about 1-20 
mEq of sodium bicarbonate. 

Croscarraellose sodium is a known disiniegrant for tablet 
formulations, and is available from FMC Corporation, 
Philadelphia, Pa. under the trademark Ac-Di-Sol®. It is 
frequently blended in compressed lableiing formulations 
either alone or in combination with microcrystalline cellu- 
lose to achieve rapid disintegration of the tablet. 

Microcr>'Sialline cellulose, alone or coprocessed with 
other ingredients, is also a common additive for compressed 
tablets and is well known for its ability to improve com- 
pressibility of difficult to compress tablet materials. It is 
commercially available under the AviccI® trademark. Two 
different Avncel® products are utilized, Axn eel® PH which is 
microcr>'stalline cellulose, and Avicel® AC-815, a copro- 
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cessed spray dried residue of microcr\'Stalline cellulose and 
a calcium, sodium alginate complex in which the calcium to 
sodium ratio is in the range of about 0.40:1 to about 2.5:1. 
VVTiile AC-815 is comprised of 85% microcrystalline cellu- 
lose (MCC) and 15% of a calcium, .sodium alginate 
complex, for purposes of the present invention this ratio may 
be varied from about 75% MCC to 25% alginate up to about 
95% MCC to 5% alginate. Depending on the particular 
formulation and active ingredient, these two components 
may be present in approximately equal amounts or in 
unequal amounts, and either may comprise from about 10%' 
to about 50% by weight of the tablet. 

Tht suspension tablet composition may, in addition to the 
ingredients described above, contain other ingredients often 
used in pharmaceutical tablets, including flavoring agents, 
sweetening agents, flow aids, lubricants or other common 
tablet adjuvants, as will be apparent to those skilled in the 
art. Other disintegrants, such as crospbvidone and sodium 
starch glycolatc may be employed, although croscarmcllose 
-sodium is preferred. 

" In" addition to the suspension tablet, the solid formulation 
of the preseni invention can be in the form of a powder, a 
tablet, a capsule, or other suitable solid dosage form (e.g., a 
pelleted form or an effer^'escing tablet, troche or powder), 
which creates the inventive solution in the presence of 
diluent or upon ingestion. For example, the water in the 
stomach secretions or water which is used to swallow the 
solid dosage form can serve as ihe aqueous diluent. 

Compressed tablets are solid dosage forms prepared by 
compacting a formulation containing an active ingredient 
and excipients selected to aid the processing and improve 
the properties of the product. The term "compressed tablet" 
generally refers to a plain, uncoaied tablet for oral ingestion, 
prepared by a single compression or by pre-compaciion 
lapping foDowcd by a final compression. 

Such solid forms can be manufactured as is well known 
in the art. Tablet forms can include, for example, one or 
more of lactose, mannitol, corn starch, potato starch, micro- 
crystalline cellulose, acacia, gelatin, colloidal silicon 
dioxide, croscarmcllose sodium, talc, magnesium stearate, 
stearic acid, and other excipients, colorants, diluents, buff- 
ering agents, moistening agents, preservatives, flavoring 
agents, and pharmaceuiically compatible carriers. The 
manufacturing processes may employ one, or a combination 
of, four established methods: (1) dry mixing; (2) direct 
compression; (3) milling; and (4) non-aqueous granulation. 
Lachman el al., 77ie Theory and Practice of Industrial 
Pharmacy (1986). Such lableis may also comprise film 
coalings, which preferably dissolve upon oral ingestion or 
upon contact with diluent. 

Non-limiting examples of buffering agents which could 
be utilized in such tablets include sodium bicarbonate, alkali 
earth metal salts such as calcium carbonate, calcium 
hydroxide, calcium lactate, calcium glycerophosphate, cal- 
cium acetate, magnesium carbonate, magnesium hydroxide, 
magnesium silicate, magnesium aluminatc, aluminum 
hydroxide or aluminum magnesium hydroxide. A particular 
alkali earth metal salt useful for making an antacid tablet is 
calcium carbonate. 

An example of a low density alkali earth metal salt useful 
for making the granules according to the present invention 
is extra light calcium carbonate available from Specialty 
Minerals Inc., Adams, Me. The density of the extra light 
calcium carbonate, prior to being processed according to the 
present invention, is about 0.37 gm/ml. 

The granules used to make the tablets according to one 
embodiment of the present invention are made by either 
spray drying or pre-compaciing the raw materials. Prior to 
being processed inio granules by either process, the density 
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of the alkali earth metal salts useful in the present invention 
ranges from about 0.3 gm/'ml to about 0.55 gm/ml, prefer- 
ably about 0.35 gm/ml to about 0.45 gm/ml, even more 
preferably about 0.37 gm/ml to about 0.42 gm/ml. 

Additionally, the present invention can be manufactured 5 
by utilizing micronized compounds in place of the granules 
or powder. Micronizaiion is the process by which solid drug 
particles are reduced in size. Since the dissolution rate is 
directly proportional to the surface area of the solid, and 
reducing the particle size increases the surface area, reduc- 
ing the particle size increases the di.ssoluiion rate. Ahhough ^ 
micronizaiion results in increased surface area possibly 
causing particle aggregation, which can negate the benefit of 
micronizaiion and is an expensive manufacturing step, it 
does have the significant benefit of increasing the dissolution 
rate of relatively water insoluble drugs, such as omeprazole ^5 
and other proton pump inhibitors. 

The present invention also relates to administration kits to 
ease mixing and administration. A month's supply of pow- 
der or tablets, for example, can be packaged with a separate 
-months- supply- of -diluent, and -a -re-usable-plasiie~dosing-20 
cup. More specifically, the package could contain thirty (30) 
suspension tablets containing 20 rag omeprazole each, 1 L 
sodium bicarbonate 8.4% solution, and a 30 ml dose cup. 
The user places the tablet in the empty dose cup, fills it to 
the 30 ml mark with ibe sodium bicart^onate, waits for it to 25 
dissolve (gentle stirring or agitation may be used), and then 
ingests the suspension. One skilled in the art will appreciate 
that such kits may contain many different variations of the 
above components. For example, if the tablets or powder are 
compounded to contain PPl and buffering agent, the diluent ^ 
may be water, sodium bicarbonate, or other compatible 
diluent, and the do.se cup can be larger than 30 ml in size. 
Also, such kits can be packaged in unit do.sc form, or as 
weekly, monthly, or yearly kits, etc. 

Although the tablets of this invention are primarily 
intended as a suspension dosage form, the granulations used 
to form the tablet may also be used to form rapidly disin- 
tegrating chewable tablets, lozenges, troches, or swallow- 
able tablets. Therefore, the intermediate formulations as well 
as the process for preparing them provide additional novel 
aspects of the present invention. *o 

Effervescent tablets and powders are also prepared in 
accordance with the present invention. Effervescent salts 
have been used to disperse medicines in water for oral 
administration. Effervescent salts are granules or coarse 
powders containing a medicinal agent in a dry mixture, 45 
usually composed of sodium bicarbonate, citric acid and 
tartaric acid. When the salts are added 10 water, the acids and 
the base react to liberate carbon dioxide gas, thereby causing 
"effeA'escence." 

The choice of ingredients for effervescent granules, 59 
depends both upon the requirements of the manufacturing 
process and the necessity of making a preparation which 
dissolves readily in water. The two required ingredients are 
at least one acid and at least one base. The base releases 
carbon dioxide upon reaction with the acid. Examples of 
such acids include, but arc not limited 10, tartaric acid and 
citric acid. Preferably, the acid is a combination of both 
tartaric acid and citric acid. Examples of bases include, but 
are not limited to, sodium carbonate, potassium bicarbonate 
and sodium bicarbonate. Preferably, the base is sodium 
bicarbonate, and the effervescent combination has a pH of 
about 6.0 or higher. 

Effervescent salts preferably include the following 
ingredients, which actually produce the effervescence: 
sodium bicarbonate, citric acid and tartaric acid. When 
added to water the acids and base react to liberate carbon 65 
dioxide, resulting in effervescence. Ii should be noted that 
any acid-base combination which results in the liberation of 



carbon dioxide could be used in place of the combination of 
sodium bicarbonate and citric and tartaric acids, as long as 
the ingredients were suitable for pharmaceutical use, and 
result in a pH of about 6.0 or higher. 

It should be noted that it requires 3 molecules of NaHC03 
(sodium bicarbonate) to neutralize 1 molecule of citric acid 
and 2 molecules of NaHC03 to neutralize 1 molecule of 
tartaric acid. It is desired that the approximate ratio of 
ingredients is as follows Citric Acid .Tartaric Acid: Sodium 
Bicarbonate =1:2: 3. 44 (by weight). This ratio can be varied 
and continue to produce an effective release of carbon 
dioxide. For example, ratios of about 1:0:3 or 0:1:2 are also 
effective. 

The method of preparation of the effervescent granules of 
the present invention employs three basic processes: wet and 
dry granulation, and fusion. The fusion method is used for 
the preparation of most commercial effervescent powders. It 
should be noted that although these methods arc intended for 
the preparation of granules, the formulations of effervescent 
salts of the present invention could also be prepared as 
tablets" "according "to ^ell known prior art technology for 
tablet preparation. 

Wet granulation is the oldest method of granule prepara- 
tion. The individual steps in the wet granulation process of 
tablet preparation include milling and sieving of the ingre- 
dients; dry powder mixing; wet massing; granulation; and 
final grinding. 

Dry granulation involves compressing a powder mixture 
into a rough tablet or "slug" on a heavy-duty rotary tablet 
press. The slugs are then broken up into granular particles by 
a grinding operation, usually by passage through an oscil- 
lation granulaior. The individual steps include mixing of the 
powders; compressing (slugging); and grinding (slug reduc- 
tion or granulation). No wet binder or moismre is involved 
in any of the steps. 

Tlie fusion method is the most preferred method for 
preparing the granules of the present invention. In this 
method, the compressing (slugging) step of the dry granu- 
lation process is eliminated. lastead, the powders are heated 
in an oven or other suitable source of heal. 

PPls Administered with Parietal Cell Activators 

Applicant has unexpectedly discovered that certain 
compounds, such as chocolate, calcium and sodium bicar- 
bonate and other alkaline substances, stimulate the parietal 
cells and enhance the pharmacologic activity of the PPl 
admini.stcred. For the purposes of this application, "parietal 
cell activator*' shall mean any compound or mixture of 
compounds possessing such stimulatory effect including, but 
not limited to, chocolate, sodium bicarbonate, calcium (e.g., 
calcium carbonate, calcium gluconate, calcium hydroxide, 
calcium acetate and calcium glycerophosphate), peppermint 
oil, spearmint oil, coffee, lea and colas (even if 
decaffeinated), caffeine, theophylline, theobromine, and 
amino acids (particularly aromatic amino acids such as 
phenylalanine and tryptophan) and combinations thereof 
and the sails thereof. 

Such parietal cell activators are administered in an 
amount suflBcienl to produce the desired stimulatory effect 
without causing untoward side effects to patients. For 
example, chocolate, as raw cocoa, is administered in an 
amount of about 5 mg to 2,5 g per 20 mg dose of omeprazole 
(or equivalent pharmacologic dose of other PPl). The dose 
of activator administered to a mammal, particularly a 
human, in the context of the present invention should be 
suflScienl 10 effect a therapeutic response (i.e., enhanced 
effect of PPl) over a reasonable time frame. The dose will be 
determined by the strength of the particular compositions 
employed and the condition of the person, as well as the 
body weight of the person to be treated. The size of the dose 
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also will be deierrained by the cxisience, nature, and extent 
of any adverse side eflfecis that might accompany the admin- 
istration of a particular composition. 

The approximate effective ranges for various parietal cell 
activators per 20 mg dose of omeprazole (or equivalent dose 
of other PPI) are: 

Chocolate (raw cocoa) — 5 mg lo 2.5 g 
Sodium bicarbonate — 7 mEq lo 25 mEq 
Calcium carbonate — 1 mg lo 1.5 Gm 
Calcium gluconate — 1 mg lo 1.5 Gm 
Calcium lactate — 1 mg to 1.5 Gm 
Calcium hydroxide — 1 mg to 1.5 Gm 
Calcium acetate — 0.5 mg to 1.5 Gm 
Calcium glycerophosphate — 0,5 mg to 1.5 Gm 
Peppermint oil — (powdered form) 1 mg to 1 Gm 
Spearmint oil — (powdered form) 1 mg to 1 Gm 
Coffee— 20 ml to 240-ml 
Tea— 20 ml lo 240 ml 
Cola— 20 ml to 240 ml 
Caffeine — 0.5 mg lo 1.5 GM 
Theophylline — 0.5 mg to 1.5 GM 
Theobromine — 0.5 mg to 1.5 GM 
Phenylalanine — 0.5 mg to 1.5 GM 
Tryptophan — 0.5 mg to 1.5 GM 

Pharmaccutically acceptable carriers are well-known to 
those who are skilled in the art. The choice of carrier will be 
determined, in part, both by the particular composition and 
by the particular method used to administer the composition. 
Accordingly, there is a wide variety of suitable formulations 
of the pharmaceuiical compositions of the present invention. 

EXAMPLE 1 
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B. 10 mg Tablet Formula 



Omeprazole 



Ciilcium luctnie 

Calcium glyccrophosphaie 

Sodium bicarbonale 

Aspartame calcium (phenylalanine) 

Colloidal silicoo dioxide 

Corn starch 

Croscarmellose sodium 

Dextrose 

Pepper mini 

MHUodcxirin 

Mnnnilol 

Fre^etiuinized sliircb 



10 mg 
(or lansoprazole or 
panloprazole or other PPI 
in an cquipotent amount) 
175 mg 
175 mg 
250 mg 
0.5 mg 
12 mg 
15 mg 
12 mg 
10 mg 
3 mg 
3 mg 
3 mg 
3 mg 



C. 20 mg Tablet Formula 



Omcjjrazole 
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20 mg 
(or lansoprazole or 
pantoprazole or other PPI 
in an cquipotent amount) 



Calcium lactate 


175 


mg 


Calcium glycerophosphate 


175 


mg 


Sodium bicarbonate 


250 


mg 


Aspaname calcium (phenylalanine) 


0.5 


mg 


Colloidal silicon dioxide 


n 


mg 


Corn starch 


15 


mg 


Croscarmellose sodium 


12 


mg 


Dextrose 


10 


mg 


Pcppcrminl 


3 


mg 


Maltodextrio 


3 


mg 


Mannitct 


3 


mg 


Prcgclatinizcd starch 


3 


mg 



A. Fast Disintegrating Suspension Tablets of Omeprazole 

A fast disintegrating tablet is compounded as follows; 
Croscarmellose sodium 300 g is added to the vortex of a 
rapidly stirred beaker containing 3.0 kg of deionized water 
This slurry is mixed for 10 minutes. Omeprazole 90 g 
(powdered) is placed in the bowl of a Hobart mixer. After 
mixing, the slurry of croscarmellose sodium is added slowly 
to the omeprazole in the mixer bowl, forming a granulation 
which is then placed in trays and dried at 70* C. for three 
hours. The dry granulation is then placed in a blender, and 
to it is added 1,500 g of Avicel® AC-815 (85% microcrys- 
talline cellulose coprocessed with 15% of a calcium, sodium 
alginate complex) and 1,500 g of Avicel® PH-302 
(microcry.sialline cellulose). After this mixture is thoroughly 
blended, 35 g of magnesium stearaie is added and mixed for 
5 minutes. The resuhing mixture is compressed into tablets 
on a standard tablet press (Hata HS). These lablels have an 
average weight of about 1.5 g, and contain aboul 20 mg 
omeprazole. These tablets have low friability and rapid 
disintegration lime. This formulation may be dissolved in an 
aqueous solution containing a buffering agent for immediate 
oral adrainistralioD. 

Alternatively, the suspension tablet may be swallowed 
whole with a solution of buffering agent. In both cases, the 
preferred solution is sodium bicarbonate 8.4%. As a further 
alternative, sodium bicarbonaic powder (aboul 975 mg per 
20 mg dose of omeprazole (or an cquipotent amount of other 
PPI) is compounded directly into the tablet. Such lablels arc 
then dissolved in water or sodium bicarbonaic 8.4%, or 
swallowed whole with an aqueous diluent. 



D. Tablet for Rapid Dis.solution 
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Omeprazole 


20 mg 




(or lansoprazole or 




pantoprazole or other PPI 




in an equipotcni amount) 


Calcium laaaie 


175 mg 


Calcium glycerojihosphate 


175 mg 


Sodium bicarbonate 


500 mg 


Calcium hydroxide 


50 mg 


Croscarmellose sodium 


12 mg 


E. Powder for Reconslilution for Oral Use (or per ng 


tube). 




Omeprazole 


20 mg 




(or lansoprazole or 




pantoprazole or other PPI 




in an equipotent amount) 


Calcium luciate 


175 mg 


Calcium glycerophosphate 


175 mg 


Sodium bicarbonate 


500 mg 


Calcium hydroxide 


50 mg 


Glycerine 


200 g 
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F. 10 mg Tablet Fonnula 



Omeprazole 


10 mg 




(or lansoprazole or 




panloprazole or other PFI 




in an equtpoteot amount) 


Culcium Inctfile 


375 mg 


Calcium glycerophosphate 


375 mg 


Sodium bicarbonaie 


250 mg 


Polyctbylcoc glycol 


20 mg 


Croscarmcllosc sodium 


12 mg 


Peppermini 


3 mg 


Magnesium silicate 


3 mg 


Magnesium siearate 


3 mg 


G. 10 mg Tablet Formula 


Omeprazole „. 


10^. 




(ox lansoprazole or 




pantoprazole oi other PPI 




in an equipotent amount) 


Calcium lactate 


200 mg 


Calcium glycerophosphate 


200 mg 


Sodium bicarbonate 


400 mg 


Croscatmcllose sodium 


32 mg 


Prcgelatinizcd starch 


3 mg 



30 



30 



40 



EXAMPLE II 

Standard Tablet of PPI and Buffering Agent 

Ten (10) tablets were prepared using a standard tablet 
press, each tablet comprising about 20 mg omeprazole and 
about 975 mg sodium bicarbonate uniformly dispersed 
throughout the tablet. To test the dissolution rate of the 
tablets, each was added to 60 ml of water. Using previously 
prepared liquid omeprazole/sodium bicarbonate solution as 
a visual comparator, it was observed that each tablet was 
completely dispersed in under three (3) minutes. 

Another study using the tablets compounded according to 
this Example evaluated the bioaciivity of the tablets in five 
(5) adult critical care paiienis. Each subject was adminis- 
tered one tablet via ng with a small amount of water, and the 45 
pH of ng aspirate was monitored using paper measure. The 
pH for each patient was evaluated for 6 hours and remained 
above 4, thus demonstrating ibc therapeutic benefit of the 
tablets in these patients. 

Tablets were also prepared by boring out the center of 50 
sodium bicarbonate USP 975 mg tablets with a knife. Most 
of the removed sodium bicarbonate powder was then tritu- 
rated with the contents of a 20 mg Prilosec® capsule and ibe 
resulting mixmrc was then packed into the hole in the tablet 
and scaled with glycerin. 55 

EXAMPLE III 
PPI Central Core Tablet 

Tablets are prepared in a two-step process. First, about 20 ^ 
mg of omeprazole is formed into a tablet as is known in the 
art to be used as a central core. Second, about 975 mg 
sodium bicarbonaie USP is used to uniformly sunound the 
central core to form an outer protective cover of sodium 
bicarbonaie. The central core and outer cover are both 65 
prepared using standard binders and other excipients to 
create a finished, pharmaceutically acceptable lablci. 
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EXAMPLE IV 



Effen'escenl Tablets and Granules 

The granules of one 20 mg Prilosec® capsule were 
emptied into a mortar and triturated with a pestle to a fine 
powder. The omeprazole powder was then geometrically 
diluted with about 958 mg sodium bicarbonate USP, about 
832 rag citric acid USP and about 312 mg potassium 
carbonate USP to form a homogeneous mixture of efferves- 
cent omeprazole powder, litis powder was ihen added to 
about 60 ml of water whereupon the powder reacted with the 
water to create cffcr\'c.sccncc. A bubbling solution resulted 
of omeprazole and principally the antacids sodium citrate 
and potassium citrate. The solution was then administered 
orally 10 one aduli male subject and gastric pH was mea- 
sured using pHydrion paper. The results were as follows: 
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Time lnier\'al 


pH Measured 


Immediately prior to dose 


2 


- - 3 hour-posi dose 


7 


2 hours post dose 


6 


4 hours post dose 


6 


6 hours post dose 


5 


R hours post dose 


4 



One skilled in the art of pharmaceutical compounding will 
appreciate that bulk powders can be manufactured using the 
above ratios of ingredients, and that the a powder can be 
pressed into tablets using standard binders and excipients. 
Such tablets arc then mixed with water to activate the 
effervescent agents and create the desired solution. In 
addition, lansoprazole 30 mg (or an equipotent dose of other 
PPI) can be substituted for omeprazole. 

The effer\'escent powder and tablets can alteraatively be 
formulated by employing the above mixture but adding an 
additional 200 mg of sodium bicarbonate USP to create a 
resulting solution with a higher pH. Further, instead of the 
excess 200 rag of sodium bicarbonate, 100 mg of calcium 
glycerophosphate or 100 mg of calcium lactate can be 
employed. Combinations of the same can also added. 

EXAMPLE V 

Parietal Cell Activator "Choco-Basc™" Formulations and 
EfiBcacy 

Children are affected by gasuoesophageal reflux disease 
(GERD) with atypical manifestations. Many of these atypi- 
cal symptoms are dilBcult to control with traditional drugs 
such as H2-aniagoni.sLs, cisapride, or sucralfate. PPIs are 
more effective in controlling gastric pH and the symptoms of 
GERD than other agents. However, PPIs arc not available in 
dosage forms thai arc easy to administer to young children. 
To address this problem, applicant employed omeprazole or 
lan.v>pra7X)lc in a buffered chocolate suspension (Choco- 
Base, in children with manifestations of GERD. 

Applicant performed a retrospective evaluation of chil- 
dren with GERD referred to the University of Missouri- 
Columbia from 1995 to 1998 who received treatment with 
the experimental omeprazole or lansoprazole Cboco-Base 
suspension formulated in accordance with Formulation 1 
stated below. Data were included on all patients with follow 
up information suflScieni to draw conclusions about pre./posi 
treatment (usually >6 months). There were 25 patients who 
met the criteria for this evaluation. Age range was several 
weeks to greater than 5 years. Most patients had a history of 
numerous unsuccessful aitcmpts at ameliorating the effects 
of GERD. Medication histories indicated many trials of 
various drugs. 

The primary investigator reviewed all charts for unifor- 
mity of data collection. When insufficient data was available 
in the University charts, attempts were made to review 
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cbans in ibe local primar>' care physicians* offices for 
follow-up data, if information was still unavailable to 
review, aiterapis were made to contact family for follow-up. 
If data were still unavailable the patients were considered 
incvaluable. 5 

Patient charts were reviewed in detail. Data noted were 
dale of commencement of therapy, date of termination of 
therapy and any reason for termination other than response 
to treatment. Patient demographics were also recorded, as 
were any other medical illnesses. Medical illnesses were 
divided grossly into those that are associated with or exac- 
erbate GERD and those that do not. 

Patient charts were examined for evidence of response lo 
therapy. As this was largely a referral poptilation, and a 
retrospective review, quantification of symptomatology 
based on scores, office visits and ED visits was difficult. 
Therefore, applicant examined charts for evidence of an 
overall change in patient symptoms. In specific, any data to 
point towards improvement, decline or lack of change were 
examined and recorded. 

Results. 

A total of 33 pediatric patients to date have been treated 
with the above-described suspension at the University of 
Missouri — Columbia. Of the 33 patients, 9 were excluded 
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head of bed elevation 30**, avoidance of evening snacks, 
avoidance of caffcinaled beverages as well as cisapride and 
ranitidine (See Graph 3 below). 

The proton pump inhibitor suspension used in this group 
of patients was Choco-Base suspension of either lansopra- 
zole or omeprazole. The dosing was very uniform, with 
patients receiving doses of either 10 or 20 mg of omeprazole 
and 23 mg of lansoprazole. Initially, in April of 1996 when 
therapy was first instituted 10 mg of omeprazole was used. 
There were 3 patients in this early phase who were treated 
initially ^^^lh 10 mg po qd of omeprazole. All three subse- 
quently were increased to either 20 mg po qd of omeprazole 
or 23 mg po qd of lansoprazole. All remaining patients were 
given either the 20 mg omeprazole or the 23 mg lansopra- 
zole treatment qd, except in one case, where 30 mg of 
lansoprazole was used. Patients were instructed to lake their 
doses once per day, preferably at night in most cases. 
Suspensions were all filled through the University of Mis- 
souri Pharmacy at Green Meadows. This allowed for track- 
ing of usage through refill-data. 

Most patients responded favorably to and tolerated the 
once daily dosing of Choco-Base proton pump inhibitor 
suspension. Two patients had documented adverse effects 
associated with the use of the PPl suspension. In one a 
patient, the mother reported increased burping up and 



from the study, all based upon insufficient data about dvspepsia, which was thought to be related to treatment 



commencement, duration or outcome in treatment with PPl 
therapy. This left 24 patients with enough data to draw 
conclusions. 

Of the 24 remaining patients, 18 were males and 6 
females. Ages at implementation of PPl therapy ranged from 
2 weeks of age to 9 years old. Median age at start of therapy 
was 26.5 months [mean of 37 mo.] Early on, reflux was 
usually documented by endoscopy and confirmed by pH 
probe. Eventually, pH probe was dropped and endoscopy 
was the sole method for documenting reflux, usually at the 
time of another surgery (most often T-lubes or 
adcnoidcclomy). Seven patients had pH probe confirmation 
of GERD, whereas 18 had endoscopic confirmation of reflux 
including all eight, who had pH probing done (See Graphs 
1 and 2 below). Reflux was diagnosed on endoscopy most 
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failure. The other patient had small amounts of bloody stools 
per mother. This patient never had his stool tested, as his 
bloody stool promptly resolved upon cessation of therapy, 
with no further sequellae. The other 23 patients had no 
documented adverse effects. 

Patients were categorized based on review of clinic notes 
and chart review into general categories: (1) improved; (2) 
unchanged; (3) failed; and (4) inconclusive. Of 24 patients 
with sufficient data for follow up, 18 showed improvement 
in symptomatology upon commencement of PPl therapy 
[72%]. The seven who did not respond were analyzed and 
grouped. Three showed no change in symptomatology and 
clinical findings while on therapy, one complained of wors- 
ening symptoms while on therapy, one patient had therapy 
as prophylaxis for surgery, and two stopped therapy just 



commonly by cobblestoning of the tracheal wall, with 40 after its commencement (see graph 4). Setting aside the 



laryngeal and pharyngeal cobblestoning as findings in a few 
patients. Six patients had neither pH nor endoscopic docu- 
mentation of GERD, but were tried on PPl therapy based on 
symptomatology alone. 

Past medical history was identified in each chart. Ten 45 
patients had rcflux-a.ssociated diagno.ses. Tliese were most 
commonly cerebral palsy, prematurity and Pierre Robin 
sequence. Other diagnoses were Charcot-Marie-Tooth 
disease, Velocardio facial syndrome, Down syndrome and 
Dc George's syndrome. Non-reflux medical history was also jq 
identified and recorded separately (See Table 2 below). 
Patients were, in general, referral patients from local family 
practice clinics, pediatridans, or other pediatric health care 
professionals. Most patients were referred to ENT for upper 
airway problems, sinusitis, or recurrent/chronic otitis media 
that had been refractory to medical therapy as reported by 
the primary care physician. Symptoms and signs most 
commonly found in these patients were recorded and tallied. 
All signs and symptoms were broken down into six major 
categories: (1) nasal; (2) otologic; (3) respiratory; (4) gas- 
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cases in which therapy was stopped before conclusions 
could be drawn and the case in which PPl therapy was for 
purely prophylactic reasons, leaves (17/21) 81% of patients 
that responded to Choco-Base suspension. This means that 
19% (4/21) of patients received no apparent benefit from PPl 
therapy. Of all these patients, only 4% complained of 
worsening symptoms and the side effects were 4% (1/21) 
and were mild bloody stool that completely resolved upon 
cessation of therapy. 
Discussion. 

GERD in the pediatric population is relatively common, 
affecting almost 50% of newborns. Even though most 
infants outgrow physiologic reflux, pathologic reflux still 
affects approximately 5% of all children, throughout child- 
hood. Recently considerable data has pointed to reflux as an 
etiologic factor in extra -esophageal areas. GERD has been 
attributed to sinusitis, dental caries, otitis media, asthma, 
apnea, arousal, pneumonia, bronchitis, and cough, among 
others. Despite the common nature of reflux, there seems to 
have been little improvement in therapy for reflux, espe- 



troiniestinal; (5) sleep-related; and (6) other. The most 60 cially in the non-surgical arena. 

common problems fell into one or all of the first 3 categories The standard of therapy for the treatment of GERD in the 

(See Table 1 below). pediatric population has become a progression from conscr- 

Most patients had been treated in the past with medical vative therapy to a combination of a pro- kinetic agent and 

therapy in the form of antibiotics, steroids, asthma medica- H-2 blocker therapy. Nonetheless, many patients fail this 

tions and other diagnosis-appropriate therapies. In addition, 65 treatment protocol and become surgical candidates. In 

nine of the patients had been on reflux therapy in the past, adults, PPl therapy is effective in 90% of those treated for 

most commonly in the form of conser\'aiive therapy such as gastroesophageal reflux disease. As a medical alternative lo 
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ihe H-2 blockers, the proioo pump inhibitors have not been 
studied extensively in the pediatric population. Pan of ihc 
reason for this lack of data may be related to the absence of 
a suitable dosage formulation for this very young 
population, primarily under 2 years of age, that does not 
swallow capsules or tablets. It would be desirable to have a 
true liquid formulation (solution or suspension) with good 
palatability such as is used for oral antibiotics, 
decongestants, antihistamines, H-2 blockers, cisapride, 
metoclopramide, etc. The use of lansoprazole granules 
(removed from the gelatin capule) and sprinkled on apple- 
sauce has been approved by the Food and Drug Adminis- 
tration as an alternative method of drug administration in 
adults but not in children. Published data are lacking on the 
efficacy of the lansoprazole sprinkle method in children. 
Omeprazole has been studied for bioequivalence as a 
sprinkle in adults and appears to produce comparable serum 
concentrations when compared lo the standard capsule. 
Again no data are available on the omeprazole sprinkle in 
children. An additional disadvantage of omeprazole is its 
taste which is quinine-like. Even when suspended in juice, 20 
applesauce or the like, the bitter nature of the medicine is 
easily tasted even if one granule is chewed. For this reason 
applicant eventually progressed to use lansoprazole in 
Choco-Base. Pantoprazole and rabeprazole are available as 
enteric-coated tablets only. Currently, none of the proton 2; 
pump inhibitors available in the United States are approved 
for pediatric use. There is some controversy as to what the 
appropriate dosage should be in this group of patients. A 
recent review by Israel D., et al. suggests that effective PPI 
dosages should be higher than that originally reported, i.e., 
from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toxicity 
with the PPI's is not seen even at >50 mg/kg, there appears 
little risk associated with the higher dosages. Based on 
observations al the University of Mi.ssouri consistent with 
the findings of this review, applicant established a simple 
fixed dosage regimen of 10 ml Choco-Base suspension daily. 
This 10 mi dose provided 20 rag omeprazole and 23 mg 
lansoprazole. 

In the ICU setting, the University of Missouri-Columbia 
has been using an unfavored PPI suspension given once 
daily per various tubes (nasogastric, g-iube, jejunal feeding *o 
tube, duo tube, cic.) for stress ulcer prophylaxis. It seemed 
only logical that if this therapy could be made into a 
palatable form, it would have many ideal drug characteris- 
tics for the pediatric population. First, it would be liquid, and 
therefore could be administered at earlier ages. Second, if 45 
made flavorful ii could help to reduce noncompliance. Third, 
it could afford once daily dosing, also helping in reducing 
noncompliance. In the process, applicant discovered that the 
dosing could be standardized, which nearly eliminated dos- 
ing complexity. 

Choco-Base is a product which protects drugs which arc 
acid labile, such as proton pump inhibitors, from acid 
degradation. The first few pediatric patients with reflux 
prescribed Choco-Dase were sicker patients. They had been 
on prior therapy and had been diagnosed both by pH probe 
and endoscopy. In the first few months, applicant treated 
patients with 10 mg of omeprazole qd (1 mg/kg) and found 
this to be somewhat ineffective, and quickly increased the 
dosing to 20 mg (2 mg,^g) of omeprazole. About halfway 
through the study, applicant began using lansoprazole 23 mg 
po qd. Applicant's standard therapy was then either 20 mg 
of omeprazole or 23 mg of laasoprazole once daily. Tht 
extra 3 mg of lansoprazole is related only to the fact that the 
final concentration was 2.25 mg/'ml, and appbcant desired to 
keep dosing simple, so he used a 10 ml suspension. 

The patients that were treated represented a tertiary care 65 
center population, and they were inherently sicker and 
refractory to medical therapy in the past. Tht overall 72% 



success rate is slightly lower than the 90% success rates of 
PPIs in the adult population, but this can be attributed to the 
refractory nature of their illness, most having failed prior 
non-PPI treatment. The population in this study is not 
indicative of general practice populations. - 



Conclusion. 



PPI therapy is a beneficial therapeutic option in the 
treatment of reflux related sympioms in the pediatric popu- 
lation. Its once daily dosing and standard dosing scheme 
combined with a palatable formulation makes it an ideal 
pharmacologic agcnt. 

TABLE 1 
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Sympioms 


Pulicnl Nitmberi. 


N'asal: 


35 


Sinusitis 


7 


Congestion 


8 


Nasal discharge 


i6 


Other 


4 


Otologic: 


26 


Otiti.s Media 


17 


Otorrhea 


9 


Rcspiniiory: 


34 


Cough 


10 


Wheeze 


n 


Respiratory Distress: 


5 


Pneumonia 


2 


Other 


6 


Gastrointestinal: 


JO 


Abdominal Pain 


1 


Reflux/Abmiting 


4 


Other 


4 


Sleep Disturbances: 


11 


Other 


2 


TABLE 2 


Fast Medical History 


Number of Patients 


RcHux Associated: 


1: 


Premature 


5 


Picric -Rob in 


2 


Cerebral Palsy 


2 


Down Syndrome 




Charcot-Maric-TooUi 


3 


Vclocardiofacial Syndrome 


1 


Other Medical History 


12 


Clefl Palate 


3 


Asthma 


3 


Autism 


^ 


Seizure Disorder 


1 


Diabetes Mcllitus 


1 


Subglottic Stenosis 


1 


Tracheostomy Dependent 


1 




FORMULAHON 1 


PART A tNGREDIENTS 


AMOUNT (mg) 


Omeprazole 


200 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


]800 


Corn Syiup Solids 


6000 


Sodium CaseLnate 


1000 


Soy Lecithin 


150 
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-continued 



-continued 



Sodium Chloride 


35 


Tricalcium Phosphaie 


20 


Dipoiassium Phosphaie 


i: 


Silicon Dioxide 


5 


t3UU iUni OiCIl [U> 1 L^^l V lUiC 




PART B INGREDIENTS 


A Kim INTT fmW 




jOO 


COMPOUNDING INSTRUCTIONS 




Ado rait D to Part A to create a 




total volume of approximately 130 




ml with an omeprazole concentration 




of about 1.5 mg,'ml. 




FORMULATION 2 




PART A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26000 


Cocoa 


J800 


Corn Syrup Solids 


6000 


Sodium Caseioatc 


J 000 


Soy Lccitbis 


150 


Sodium Chloride 


35 


Tricalcium Phosphaie 


20 


Dtpotassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium StearoyI Lactylatc 


5 
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PART B INGREDIENTS 


AMOUNT 


Distilled Waici 


100 ml 


Sodium Bicarborute 


84C'0 mg 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCTIONS 




Mix the conslilucnis of Hurt B 




together thoroughly and ihco add to 




Part A. This results in a total 




volume of approximately 330 ml with 




an omeprazole concentration of 




about 1.5 mg,'ml. 




FORMULATION 3 




PAPT A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26U0U 


Sodium Bicarbonate 


y40U 


Cocoa 


1800 


Corn Syrup Solids 


6000 


Sodium Caseioate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tiicalctum Phosphate 


20 


Dipotassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium StearoyI Laciylaic 


5 


PART B LNGREDIENTS 


AMOUNT 


Distilled ^itt 


100 ml 


Omeprazole 


200 mg 


COMPOUNDING INSTOUCTIONS 




TTiis formulation is icconstitutcd 




at the time of use by a pharmacist. 




Pari B is mixed first and is then 




uniformly mixed with (he cumponenls 




of Part A. A finat volume of about 




130 ml is created having do 




omeprazole concentration of about 




3.5 mg/ml. 
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FORMULATION ^ 




PART A INGREDIE.NTS (mg) 


A.MOUNT (mg) 


Sucrose 


2(iOno 


Cocoa 


1800 


Corn Syiup Solids 


6000 


Sodium Caseinate 


lOOU 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricalcium Phosphate 


;o 


Dipotassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium StearoyI Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Sodium Bicarbonate 


840U mg 


Omeprazole 


200 mg 



COMPOUNTUNG INSTRUCnONS 

This formulation is reconstituted 
at the time of use by a pharmacist. 
Part B is mixed fint and is then 
uniformly mixed with the components 
of Part A. A final volume of aboui 
130 ml is created having an 
omeprazole concentralioo of about 
1.5 mg/'ml. 



Id all four of the above formula lions, lansoprazole or 
other PPl can be substiruied for omeprazole in equipoient 
amounts. For example, 300 mg of lansoprazole may be 
sub.stilulcd for the 200 mg of omeprazole. Addilionally, 
aspartame can be subsiimied for sucrose, and the following 
35 other ingredients can be employed as carriers, adjuvants and 
excipients: maltodexlrin, vanilla, carragreenan, mono and 
diglyce rides, and 1 acta ted monoglycc rides. One skilled in 
the art will appreciate that not all of the ingredients are 
necessary to create a Choco-Base formulation ihai is safe 
and eflfectivc. 

Omeprazole powder or enteric coated granules can be 
used in each formulation. If the enteric coaled granules arc 
used, the c*oating is either dissolved by the aqueous diluent 
or inactivated by trituration in the compounding process. 

45 Applicant additionally analyzed the effects of a lansopra- 
zole Choco-Base formulation on ga.siric pH using a pH 
meter (Fisher Scientific) in one adult patient versus lanso- 
prazole alone. The patient was first given a 30 mg oral 
capsule of Prevacid®, and the patient's gastric pH was 
mea.sured al 0, 4, 8, 12, and 16 hours po.si dose. The results 
are illustrated in FIG. 4. 

The Choco-Base product was compounded according to 
Formulation 1 above, except 300 mg of lansoprazole was 
used instead of omeprazole. A dose of 30 mg lansoprazole 
Choco-Base was orally administered at hour 18 post lanso- 
prazole alone. Gastric pH was measured using a pH meter at 
hours 18. 19. 24 , 28, 32, 36, 40, 48, 52, and 56 post 
lansoprazole alone dose. 

FIG. 4 illustrates the lansoprazolc/cocoa combination 
resulted in higher pH, at hours 19-56 than lansoprazole 
alone, at hours 4-18. Therefore, the combination of the 
lansoprazole with chocolate enhanced the pharmacologic 
activity of the lansoprazole. The results establish that the 
sodium bicarbonate as well as chocolate flavoring and 
calcium were all able to stimulate the activation of the 

65 proton pumps, perhaps due to the release of gastrin. Proton 
pump inhibitors work by functionally inhibiting the proton 
pump and effectively block activated proton pumps 
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(primarily those inserted into the secretory canalicular ranitidine (Zantac®) continuous infusion intravenously 

membrane) By further administering ihe proton pump (150 mg/24 houis)xfive days S125.50; 
inhibitor with one of these activators or enhancers, there is 

a synchronization of activation of the proton pump with the cimeiidine (Tagamet®) continuous infusion intravenously 

absorption and subsequent parietal cell concent rations of the 5 (900 mg/24 hours)>cfive days Si 09.61; 

proton pump inhibitor. As illustrated in HG. 4, this combi- ' sucralfate one gm slurry four times a day per (ng) lubex 

nation produced a much longer pharmacologic eneci than - . ^ j i \ e>/ 

„,K.„ — . .-^v^K^^, ,^„;«;ft-«^ ,1 — five days S73.O0; and 



when the proton pump inhibitor was administered alone. 
EXAMPLE V] 



buffered omeprazole solution regimen per (ng) tubexfive 
30 days S65.70. 

Combination Tablet Delivering Bolus and Time-released j^iis example illustrates the efiBcacy of the buffered ome- 
Doses of PPI prazole solution of the present invention based on the 

Tablets were compounded using known methods by form- increase in gastric pH, safeiv and cost of the buffered 
iiig an inner core of 10 mg omeprazole powder mixed with omeprazole solution as a method for SRMD prophylaxis. 
750 mg sodium bicarbonate, and an outer core of 10 mg 35 f r j 

omeprazole enteric-coated granules mixed with known 
binders and cxcipients. Upon ingestion of the whole tablet, 
the tablet dissolves and the inner core is dispersed in the 

stomach where it is absorbed for immediate therapeutic EXAMPLE VIII 

effect. The enteric-coaled granules are later absorbed in the 

duodenum to provide symptornaul: 'relicfTaleT~iii'!fic dosing 

cycle. This tablet is particularly useful in patients who 

experience breakthrough gastritis between conventional Effect on pH 

doses, such as while sleeping or in the early moraing hours. 
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Experiments were carried out in order to determine the 



Therapeutic Application effect of the omeprazole solution (2 mg omeprazole/1 ml 

Patients were evaluable if they met the following criteria: NaHCO^ — 8.4%) administration on the accuracy of subse- 

had two or more risk factors for SRMD (mechanical quent pH measurements through a nasogastric tube. 

ventilation, head injury, severe burn, sepsis, multiple, 

trauma, adult respiratory distress syndrome, major surgery, ^ 

acute renal failure, multiple operative procedures. After preparing a total of 40 mg of buffered omeprazole 

coagulolherapy, significanl hyportcnsion, acid-base ^^j^^-^ ^^^^^^ ^^^^ ^U. doses were admin- 

disorder, and hepatic failure), gastric pH of ^4 pnor to study • , j * . .u . u n .u i_ . • / \ 

emry. and no coDComilant prophylaxis for SRMD. istered .mo the stomach usually, through a nasogastric (ng) 

™. 11.- * lu ■ • 1 tube. Nasogastric lubes &om nine different mstitutions were 

The omeprazole solution was prepared by mixing 10 ml . , , . * • , ■ « ^ x% 

of 8.4% sodium bicarbonate with the contcnLs of a 20 mg ^^^^^^^^ ^ evaluation. Artificial gastric fluid (gf) was 

capsule of omeprazole (Merck & Co.. Inc., West Point, Pa.) Prepared according to the USP pH recordings were made in 

to yield, a solution having a final omeprazole concentration triplicate using a Microcomputer Portable pH meter model 

of 2 mg,/'ml. 6007 (Jenco Electronics Ltd., Taipei, Taiwan). 

Nasogastric (ng) lubes were placed in the patients and an 
omeprazole dosage protocol of buffered 40 mg omeprazole 

solution (2 mg omeprazole/1 ml NaHCOj — 8.4%) followed First, the terminal portion (tp) of the nasogastric lubes was 

by 40 mg of the same buffered omeprazole solution in eight placed into a glass beaker containing the gastric fluid. A 5 ml 

hours, then 20 rag of the same buffered omeprazole .solution aliquot of gastric fluid was aspirated through each tube and 
per day, for five days. After each buffered omeprazole 45 the pH recorded; this was called the "pre-omeprazolc 

fonh?n 'Suter^'°°' ''''^ ''''"^'^ solution/suspension measurement." Second, the terminal 

minutes. portion (tp) of each of the nasogastric tubes was removed 

Eleven patients were evaluable. All patients were f^^^ ^^^^ Weaker of gastric fluid and placed into an emptv 

mechanically ventilated. Two hours after the initial 40 mg . , ^ . , i i .• j . • ' 

dose of buffered omeprazole solution, all patients had an so ^".^'f' ^ of omeprazole solution was deliv- 

increase in gasuic pH to greater than eight as shown in F\G. ' ^^^^ ^^^^^S^ nasogastric tubes and flushed with 

1. Ten of the eleven patients maintained a gastric pH of ml of tap water. The terminal portion (tp) of each of the 

greater than or equal to four when administered 20 mg nasogastric tubes was placed back into the gastric fluid, 

omeprazole solution. One patient required 40 mg omepra- After a one hour incubation, a 5 ml aliquot of gastric fluid 

zole solution per day (closed head, injury, five total risk was aspirated through each nasogastric tube and the pH 

factors for SRMD). Two patients were changed to omepra- recorded; this was called the "after first dose SOS 

zole solution after having developed clinically significant [Simplified Omeprazole Solution] measurement." Third, 

upper gastrointestinal bleeding while receiWng conventional ,fter an additional hour had passed, the second step was 

mlravenousH,-antagon;sls^Bleeding subsided m both cases ^ ^^.^ ^^jj^^ ..^^^^ ^^^^^ SOS 

after twenty-four hours. Ginically significant upper gas- ^c^^^^IlJtr^ i o i . i » i jj- 

trointestinal bleeding did not occur in the other nine patients. [Simplified Omeprazole Solution] measurement. In addi- 

Overall mortality was 27%, mortality attributable to upper *° pre-omeprazole measurement, the pH of the 

gastrointestinal bleeding was 0%. Pneumonia developed in gastric fluid was checked in uiplicate after the second and 

one patient after initiating omeprazole therapy and was third steps. A change in the pH measurements of +/- 0.3 

present upon the initiation of omeprazole therapy in another units was considered significant. The Friedman test was used 
patient. The mean length of prophylaxis was five days, 65 to compare the results. The Friedman test is a two way 

A pharmacoeconomic analysis revealed a difference in the analysis of variance which is used when more than two 

total cost of care for the prophylaxis of SRMD: related samples are of interest, as in repeated measurements. 
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The results of these experiments are ouihned in Table 1. 



TABLE 1 



1*' dose 
1.5*-check of fg pH 

I3]gfp 
2"^ Dose 

1 .3— check of gf pH 



1.3 



1 3 



SOS pH - 9.0 
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ngl 


ng2 


ng3 


ng4 


ng.5 


ng6 


ng7 ngS 


ng9 


(3]gf 


i.3 




1.3 


1.3 


1.3 


1.3 


1.3 1.3 


1.3 


Pre SOS 


















m gfp 


1.3 


1.3 


1-3 


1.3 


1.3 


1.3 


1.3 1.3 


1.3 



Table 1 illustrates the results of the pH measurements that 
were taken during the course of the experiment. These 
results illustrate that there were no statistically .significant 
latent effects of omeprazole solution administration (per 
nasogastric tube) on the accuracy of subsequent pH mea- 
surements obtained through the same nasogasiric tube. 

EXAMPLE IX 

EfBcacy of Buffered Omeprazole Solution in Ventilated 
Patients 

Experiments were performed in order to determine the 
efiBcacy, safety, and cost of buffered omeprazole solution in 
mechanically ventilated critically ill patients who have at 
least one additional risk factor for stress-related mucosal 
damage. 

Patients: Seventy-five adult, mechanically ventilated 
patients with at least one additional risk factor for stress- 
related mucosal damage. 

Inierveniions: Patients received 20 ml omeprazole solu- 
tion (prepared as per Example VII and containing 40 mg of 
omeprazole) initially, followed by a second 20 ml dose six 
10 eight hours later, then 10 ml (20 mg) daily. Omeprazole 
solution according to the present invention was administered 
through a nasogastric lube, followed by 5-10 ml of tap 
water. The nasogastric lube was clamped for one lo two 
hours after each administration. 

Mea.suremenLs and Main Re.sulis: T^c primary outcome 
measure was clinically significant gastrointestinal bleeding 
determined by endoscopic evaluation, nasogastric aspirate 
examination, or heme-posilive coffee ground material that 
did not clear with lavage and was a.ssocialed with a five 
percent decrease in hematocrit. Secondary efficacy measures 
were gastric pH measured four hours after omeprazole was 
first administered, mean gastric pH after omeprazole was 
started, and the lowest gastric pH during omeprazole 
therapy. Safety-related outcomes included the incidence of 
adverse events and the incidence of pneumonia. No patient 
experienced clinically significant upper gastrointestinal 
bleeding after receiving omeprazole suspension. The four- 
hour post omeprazole gastric pH was 7.1 (mean), the mean 
gastric pH after starting omeprazole was 6.8 (mean) and the 
lowest pH after starting omeprazole was 5.6 (mean). The 
incidence of pneumonia was twelve percent. No patient in 
this high-risk population experienced an adverse event or a 
drug interaction that was attributable to omeprazole. 

Conclusions: Omeprazole solution prevented clinically 
significant upper, gastrointestinal bleeding and maintained 
gastric pH above 5.5 in mechanically ventilated critical care 
patients without producing toxicity. 
Materials and Methods 

The study protocol was approved by the Institutional 
Re\iew Board for the University of Missouri ai Columbia. 

Study Population: All adull (>18 years old) patients 
admitted to the surgical intensive care and burn unit at the 



University of Missouri Hospital with an intact stomach, a 
nasoga.stric tube in place, and an anticipated intensive care 
unit .stay of at least forty -eight hours were considered for 
inclusion in the study. To be included patients also had to 

20 have a gastric pH of <4, had to be mechanically ventilated 
and have one of the following additional risk factors for a 
minimum of twenty-four hours after initiation of omeprazole 
suspension: head injury with altered level of consciousness, 
cxien.sivc burns (>20% Body Surface Area), acute renal 
failure, acid-base disorder, multiple trauma, coagulopathy, 
muhiple operative procedures, coma, h>'potension for longer 
than one hour or sepsis (see Table 2). Sepsis was defined as 
the presence of invasive, pathogenic organisms or their 
toxins in blood or tissues resulting in a systematic response 
that included two or more of the following: temperature 

30 greater than 38° C. or less than 36** C, heart rate greater than 
90 beats/minute, respiratory rale greater than 20 breaths/ 
minute (or ^0^ less than 75 mm Hg), and white blood cell 
count greater than 12,000 or less than 4,000 cells/mm^ or 
more than 10 percent bands (Bone, Let's Agree on Termi- 
nology: Definitions of Sepsis, Crit. Care Med., 19: 27 
(1991)). Patients in whom H^-antagonist therapy had faDed 
or who experienced an adverse event while receiving 
IL-aniagonist therapy were also included. 

Patients were excluded from the study if they were 
receiving azole antifungal agents through the nasogasiric 
tube; were likely to swallow blood (e.g., facial and/or sinus 
fractures, oral lacerations); had severe thrombocytopenia 
(platelet count less than 30,000 cells/mm^) ; were receiWng 
enteral feedings through the nasogastric tube; or had a 
hi.siory of vagotomy, pyloroplasty, or gastroplasty. In 

45 addition, patients with a gastric pH above four for forty- 
eight hours after JCU admission (without, prophylaxis) were 
not eligible for participation. Patients who developed bleed- 
ing within the digestive tract that was not stress-related 
mucosal damage (e.g., cndoscopically verified variceal 

50 bleeding or Mallory-Weiss tears, oral lesions, nasal tears due 
to placement of the nasogastric tube) were excluded from 
the efficacy evaluation and categorized as having non-stress- 
relaied muco.sal bleeding. The reason for this exclusion is 
the confounding effect of non-siress-related mucosal blecd- 
ing on efficacy-related outcomes, such as the use of naso- 
gastric aspirate inspection to define clinically significant 
upper gastrointestinal bleeding. 

Study Drug Administration: Omeprazole solution was 
prepared immediately before administration by the patient's 
nurse using the following instructions: empty the contents of 
one or two 20 mg omeprazole capsule(s) into an empty 10 
ml syringe (with 20 gauge needle in place) from which the 
plunger has been removed. (Omeprazole delay ed-release 
capsules, Merck & Co., Inc., West Point, Pa.); replace the 
plunger and uncap the needle; withdraw 10 ml of 8.4% 

65 sodium bicarbonate solution or 20 ml if 40 mg given (Abboll 
Laboratories, North Chicago, 111.), to create a concentration 
of 2 mg omeprazole per ml of 8.4% sodium bicarbonate; and 
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allow the enteric coaled pelleLs of omeprazole to completely 
breakdown, 30 minutes (agilalion is helpful). The omepra- 
zole in the resultant preparation is partially dissolved and 
partially suspended. The preparation should have a milky 
white appearance with fine sediment and should be shaken 
before administration. The solution was not administered 
with acidic substances. A high pressure liquid chromatog- 
raphy study was performed that demonstrated that this 
preparation of simplified omeprazole suspension maintains 
>90% potency for seven days al room temperature. This 
preparation remained free of bacterial and fungal contami- 
nation for thirty davs when stored at room temperature (See 
Table 5). 

The initial dose of omeprazole solution was 40 mg, 
followed by a second 40 mg dose six to eight hours later, 
then a 20 mg daily dose administered at 8:00 AM. Each dose 
was administered through the nasogastric tube. The nast>- 
gastric tube was then flushed with 5-10 ml of tap water and 
clamped for at least one hour. Omeprazole therapy was 
continued until there was no longer a need for stress ulcer 
P rop hyja xis (usu all y a fte r Ihenasog astricjubewas r e m oved 
and the patient was taking water/food by mouth, or after the 
patient was removed from mechanical ventilation). 

Primary Outcome Measures: The primary outcome mea- 
sure in this study was the rate of clinically significant 
stress-related mucosal bleeding defined as endoscopic evi- 
dence of stress- related mucosal bleeding or bright red blood 25 
per nasogastric tube that did not clear after a 5-minutc lavage 
or persistent Gastroccult (SmilhKline Diagnostics, 
Sunnyville, Calif.) positive aiffee ground material for four 
consecutive hours that did not clear with lavage (at least 100 
ml) and produced a 5% decrease in hematocrit. 30 

Secondary Outcome Measures: The secondary efiBcacy 
measures were gastric pH measured four hours after ome- 
prazole was administered, mean gastric pH after starting 
omeprazole and lowest gastric pH during omeprazole 
administration. Gastric pH was measured immediately after 3^ 
aspirating gastric contents through the nasogastric tube. pH 
paper (pHydrion improved pH papers, Microessential 
Laboratory, Brooklyn, N.Y) was used to measure gastric 
aspirate pH. The pH range of the test strips was 1 to 11, in 
increments of one pH unit. Gastric pH was measured before 
the initiation of omeprazole solution therapy, immediately 
before each dose, and ever>' four hours between doses. 

Other secondary outcome measures were incidence of 
adverse events (including drug interactions) and pneumonia. 
Any advcr.se event that developed during the study was 
recorded. Pneumonia was defined using indicators adapted ^5 
from the Centers for Disease Prevention and Control defi- 
nition of nosocomial pneumonia (Garner et al., 1988). 
According to these criteria, a patient who has pneumonia is 
one who has rales or dullness to percussion on physical 
examination of the chest or has a chest radiograph that 50 
shows new or progressive infiltrate(s), consolidation, 
cavitation, or pleural eSusion and has al least two of the 
following present: new purulent sputum or changes in 
character of the sputum, an organism isolated from blood 
culture, fever or leukocytosis, or evidence of infection from 
a protective specimen brush or bronchoalveolar lavage. 
Patients who met the criteria for pneumonia and were 
receiving antimicrobial agents for the treatment of pneumo- 
nia were included in the pneumonia incidence figure. Tliese 
criteria were also used as an initial screen before the first 
dose of study drug was administered to determine if pneu- ^ 
monia was present prior to the start of omeprazole suspen- 
sion. 

Cost of Care Analysis: A pharmacoeconomic evaluation 
of stress ulcer prophylaxis using omeprazole solution was 
performed. The evaluation included total drug cost 65 
(acquisition and administration), actual costs associated with 
adverse events (e.g., psychiatry consultation for menial 
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confusion), costs associated with clinically significant upper 
gasiroiniesiinal bleeding. Total drug cosl was calculated by 
adding the average institutional costs of omeprazole 20 mg 
capsules, 50 ml sodium bicarbonate vials, and 10 ml 
syringes with needle; nursing time (drug administration, pH 
monitoring); pharmacy lime (drug preparation); and dis- 
posal costs. Costs associated with clinically significant 
upper gastrointestinal bleeding included endoscopy charges 
and accompanying consultation fees, procedures required to 
slop the bleeding (e.g., surgery, hemostatic agents, endo- 
10 scopic procedures), increased hospital length of stay (as 
assessed by ihe attending physician), and cost of drugs used 
10 treat the gastrointestinal bleeding. 

Staiisiical Analysis: The paired i-test (two-tailed) was 
used to compare gastric pH before and after omeprazole 
j5 solution administration and to compare gastric pH before 
omeprazole st)lulion administration with the mean and low- 
est gastric pH value measured after beginning omeprazole. 
Results: 

Seventy-seven patients met the inclusion and exclusion 
criteria and received omeprazole solution (See FIG. 2). Two 
patients were excluded frorri the efficacv-^valuation because 
the protocol for omeprazole administration was not fol- 
lowed. In one case, the omeprazole enteric-coated pellets 
had not completely broken down prior to the administration 
of I he first two doses, which produced an erratic effect on 
gastric pH. The gastric pH increased to above six as soon as 
the patient was given a dose of omeprazole solution (in 
which the enteric coaled pellets of omeprazole had been 
allowed to completely breakdown). 

The reason for the second exclusion was that nasogastric 
suctioning was not turned off after the omeprazole dose was 
administered. This resulted in a transient effect on gastric 
pH. The suction was turned off with subsequent omeprazole 
doses, and control of gastric pM was achieved. Two patients 
were considered efficacy failures because omeprazole failed 
to maintain adequate gastric pH control on the standard 
omeprazole 20 mg/'day mainienance dose. When the ome- 
prazole dose was increased to 40 mg,^day (40 mg once/day 
or 20 mg twice/day), gastric pH was maintained above four 
in both patients. These two patients were included in the 
safety and efiScacy evaluations, including the gastric pH 
analysis. After the two paticnLs were declared failures, their 
pH values were no longer followed. 

The ages of the remaining seventy-five patients ranged 
from eighteen to eighty-seven years; forty-two patients were 
male and thirty-three were female. All patients were 
mechanically ventilated during the study. Table 2 shows the 
frequency of risk factors for stress-related bleeding that were 
exhibited by the patients in this study. The most common 
risk factors in this population were mechanical ventilation 
and major .surgery. The range of risk factors for any given 
patient was two to ten, with a mean of 3 (±1) (standard 
deviation). Five patients enrolled in the study had developed 
clinically significant bleeding while receiving continuous 
infusions of ranitidine (150 mg/24 hr) or cimelidine (900 
mg,/24 hr). In all five cases, the bleeding subsided and the 
gastric pH rose to above five within thirty-six hours after 
initiating omeprazole therapy. Three patients were enrolled 
after having developed two consecutive gastric pH values 
below three while receiving an H^-antagonist (in the doses 
outlined above). In all three cases, gastric pH rose to above 
five within four hours after omeprazole therapy was initi- 
ated. Four other patients were enrolled in this study after 
experiencing confusion (d=2) or thrombocytopenia (n«2) 
during H^-antigens therapy. Within thirty-six hours of 
switching therapy, these adverse events resolved. 

Stress-related Mucosal Bleeding and Mortality: None of 
the sixty-five patients who received buffered omeprazole 
solution as their initial prophylaxis against stress-related 
mucosal bleeding developed overt or clinically significant 
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upper gastroiniesiinal bleeding. In four of the five patients 
who had developed upper gasiroiniesiinal bleeding before 
study entry, bleeding diminished lo the presence of occult 
blood only (Gasiroccult-posiiive) within eighteen hours of 
starling omeprazole solution; bleeding stopped in all palienls j 
within thirty-six hours. The overall mortality raic in this 
group of critically ill patients was eleven percent. No death 



patients at risk and, therefore, it was thought to be unethical 
to include a placebo group in this study. No clinically 
significant upper gastrointestinal bleeding occurred during 
omeprazole solution therapy. Gastric pH was maintained 
above 4 on omeprazole 20 mg/day in seventy-three of 
seventy-five patients. No adverse events or drug interaction 
associated with omeprazole were encountered. 
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Risk factors present in patients in this study (n - 75) 



was attributable to upper gastrointestinal bleeding or the use 
of omeprazole solution. 

Gastric pH: The mean (irstandard deviation) pre- 
omeprazole gastric pH was 3. 5 i 1.9. Within four hours of 
omeprazole administration, the gastric pH rose lo 7.1 ±1.1 
(See FIG. 3); this diflerence was significant (p<O,O0l). The 
difi"erences between pre -omeprazole gastric pH and the 
mean and lowest gastric pH measurements during omepra- 
zole administration (6.8±0.6 and 5.6^1.3, respectively) were 
also siatistically significant (p<0.001). 

Safety: Omeprazole solution was well tolerated in this 
group of critically ill patients. Only one patient with sepsis 
experienced an adverse event that may have been drug- 
related thrombocytopenia. However, the platelet count con- 
linued to fall after omeprazole was stopped. The platelet 
count then returned to normal despite reinstitution of ome- 
prazole therapy. Of note, one patient on a jet ventilator 
continuously expelled all liquids placed in her stomach up 
and out through her mouth, and thus was unable to continue 35 
on omeprazole. No. clinically, significant drug interactions 
with omeprazole were noted during the study period. As 
staled above, metabolic alkalosis is a potential concern in 
patients receiving sodium bicarbonate. However, the amount 
of sodium bicarbonate in omeprazole solution was small (12 40 
mEq/10 ml) and no electrolyte abnormalities were found. 

Pneumonia: Pneumonia developed in nine (12%) patients 
receiving omeprazole solution. Pneumonia was present in an 
additional five patients before the start of omeprazole 
therapy. 45 

Pharmau>econ(imic evaluation: The average length of 
treatment was nine days. The cost of care data are listed in 
'Jables 3 and 4. llic costs of drug acquisition, preparation, 
and delivery for some of the traditional agents used in the 
prophylaxis of stress-related upper gastrointestinal bleeding 
arc listed in Tabic 3. There were no costs to add from toxicity 
associated with omeprazole solution. Since two of seventy- 
five patients required 40 mg of omeprazole solution daily to 
adequately control gastric pH, the acquisition/preparation 
cost should re Heel this. The additional 20 mg of omeprazole 
with vehicle adds seven cents per day to the cost of care. 
Therefore, the daily cost of care for omeprazole solution in 
the prophylaxis of stress-related mucosal bleeding was 
$12.60 (See Table 4). 

Omeprazole solution is a safe and effective therapy for the 
prevention of clinically significant stress-related mucosal 
bleeding in critical care patients. T^e contribution of many 
risk factors to stress- re I a ted mucosal damage has been 
challenged recently. All of the patients in this study had at 
least one risk factor that has clearly been associated with 
stress-related mucosal damage — mechanical ventilation. 65 
Previous trials and data from a recently published study 
show that stress ulcer prophylaxis is of proven benefit in 



lABLE 3 


Per day 


RANTDDINE (day-9) 






Rantidine 


150 mg/24 hr 


6.15 


Andllar)- Product (1) 


Piggyback (60%) 


0.75 


Ancillary Product (2) 


micro tubing (etc.) 


2.00 


Ancillary Product (3) 


filter 


.40 


Sterile Prep required 


yci 




R.N. time ($24/11^; 


20 minutcs/day (includes pH 


8.00 




monitoring) 




R.Pb. time, bood mainl. 


3 minutes ($40/'hr) 


2.00 


Pump cost 


$:9,'24 hrs X 50%) 


14J0 


TOTAUfar 9 days 




304.20 


RANITIDINE Cost per day 




33.80 


CIMETIDINE (day 1-9) 






Cimclidine 


900 mg/24 hr 


3.96 


Ancillary Product (1) 


Piggyback 


1.25 


Anciliar)- Product (2) 


micro tubing (etc.) 


2.00 


Ancillary Product (3) 


filter 


.40 


Sterile Prep required 


yes 




R.N. time ($2 4,^1 r) 


20 minutcs/day (includes pH 


8.00 


R.Pb. lime, bood mainl. 


monitoring) 




Pump cost 


3 minutes ($40/'hr) 


2.00 


TOTAL for 9 days 


$29,'24 hrs X 50%) 


34.50 


CIMETIDISE Cosi per day 




288.99 


SUCRALFATE (day 1-9) 




32.n 


Sucralfate 


1 Om X 4 


2.40 


Ancillary Product (1) 


syringe 


.20 


Sterile Prep required 


no 




R.N. time ($24,'bT) 


30 minutcs/day (includes pH 


12.00 




monitoring) 




TOTAL for 9 days 




131.40 


SUCRALFATE Cost per day 




14.60 



Note: Docs not include the cost of failure and'or adverse effect. 
Acquisition, preparation and delivery costs of traditional agents. 



EXAMPLE X 

Bacteriostatic and Fungi.siatic Effects of Omeprazole 
Solution 

The antimicrobial or bacteriostatic efifects of the onaepra- 
zole solution were analyzed by applicant. An omeprazole 
solution (2 mg^'ml of SA% sodium bicarbonate) made 
according to the present invention was stored at room 
temperature for four weeks and then was analyzed for fungal 
and bacterial growth. Following four weeks of storage at 
room temperature, no bacterial or fungal growth was 
detected. 

An omeprazole solution (2 mg/ml of 8.4% sodium 
bicarbonate) made in accordance with the present invention 
was stored at room temperature for twelve weeks and then 
was analyzed for fungal and bacterial growth. After twelve 
weeks of incubation at room temperature, no fungal or 
bacterial growth was delected. 
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The results of these experiments illustrate the bacterio- 
static and fungistatic characteristics of the omeprazole solu- 
tion of the present invention. 

EXj^MPLE XJ j 
Biocquivalcncy Study 

Healthy male and female study participants over the age 
of 18 will be: randomized to receive omeprazole in the 
following forms: 

(a) 20 mg of a liquid formulation of approximately 20 mg. 
omeprazole in 4.8.mEq sodium bicarbonate qs to 10 ml 
with water; 

(b) 20 mg of a liquid formulation of approximately 2 mg 
omeprazole per 1 ml of SA% sodium bicarbonate. 

(c) PrilosccCB) (omcpra/Dlc) 20 mg capsule; 

(d) Capsule prepared by inserting the contents of an 
omeprazole 20 mg capsule into a #4 empty gelatin 
capsule (Lilly) uniformly dispersed in 240 mg of 

sodium, bicarbonate.. po\vder„USP to form an. inner 20 

capsule. The inner capsule is then inserted into a #00 
empty gelatin capsule (Lilly) together with a homoge- 
neous mixture of 600 mg sodium bicarbonate USP 
and no mg pregclaiini7xd starch NF. 
Methodology 25 

After appropriate screening and consent, healthy volun- 
teers will be randomized to receive one of the following four 
regimens as randomly assigned by Latin Square, Each 
subject will be crossed to each regimen according to the 
randomization sequence until all subjects have received all 
four regimens (with one week separating each regimen). 

Regimen A (20 mg omeprazole in 4.8 mEq sodium 
bicarbonate in 10 ml volume); Regimen B (20 mg omepra- 
zole in 10 ml 8.4% sodium bicarbonate in 10 ml volume); 
Regimen C (an intact 20 mg omeprazole capsule); Regimen 
D (Capsule in capsule formulation, see above). For each ^' 
dose /week, subjects will have an i.v. saline lock placed for 
blood .sampling. For each regimen, blood samples will be 
taken over 24 hours a total of 16 times (with the last two 
specimens obtained 12 hours and 24 hours after drug 
administration). 40 
Patient Eligibility 

Four healthy females and four healthy males will be 
consented for the study. 
Inclusion Criteria 

Signed informed consent. 45 
Exclusion Criteria 

1. Currently taking H^-receptor antagonist, antacid, or 
sucralfate. 

2. Recent (within 7 days) therapy with lansoprazole, 
omeprazole, or other proton pump inhibitor. 50 

3. Recent (within 7 days) therapy with warfarin. 

4. History of variceal bleeding. 

5. History of peptic ulcer di5«a.se or currently active G.L 
bleed. 

6. History of vagotomy or pyloroplasty. 

7. Patient has received an investigational drug within 30 
days. 

8. Treatment wnth ketoconazole or itraconazole. 

9. Patient has an allergy to omeprazole, 
Pharmocokineiic Evaluation and Statistical Analysis 

Blood samples will be cenirifuged within 2 hours of 
collection and the plasma will then separated and frozen at 
-10° C. (or lower) until assayed. Pharmacokinetic variables 
will include: time to peak concentration, mean peak 65 
concentration, AUC (0-t) and (0-infinity). Analysis of vari- 
ance will be used to detect statistical diflference. Bioavail- 



ability will be assessed by the 90% confidence interval of the 
two one-sided tests on the natural logarithm of AUC. 
HPLC Analysis 

Omeprazole and internal standard (H 168/24) will be used. 
Omeprazole and internal standard will be measured by 
modification of the procedure described by Araantea and 
Narang. (Amantca Mass., Narang PK. Improved Procedure 
for Quantification of Omeprazole and Metabolites Using 
Reversed -Phased High Performance Liquid Chromotogra- 
phy. J. Chromatography 426; 216-222. 1988). Briefly, 20 ul 
of omeprazole 2 mg/ml NaHCOj or Choco-Base omepra- 
zole suspension and 190..ul of the internal standard are 
vortexcd with 150 ul of carbonate buffer (pH-9.8), 5 ml of 
dichloroeihane, 5 ml of hexane, and 980 ul of sterile water. 
After the sample is cenirifuged, the organic layer is extracted 
and dried over a nitrogen stream. Each pellet is reconstituted 
with 150 ul of mobile phase (40% methanol, 52%- 0.025 
phosphate buffer, S% acetonitrile, pH"7.4). Of the reconsti- 
tuted sample, 75 ul is injected onto a Cjg 5 U column 
equilibrated with the same mobile pha.se at 1.1 ml/min. 
Under these conditions, omeprazole is eluted at approxi- 
mately 5 minutes, and the internal standard at approximately 
7.5 minutes. The standard curve is linear over the concen- 
tration range 0-3 mg/ml (in previous work with SOS), and 
the berwecn-day coefiBcient of variation has been <8% ai all 
concentrations. The typical mean R2 for the standard curve 
has been 0.98 in prior work with SOS (omeprazole 2 mg/'ml 
NaHCOs 8.4%). 

Applicant expects that the above experiments will dem- 
onstrate there is more rapid absorption of formulations (a), 
(b) and (d) as compared to the enteric coated granules of 
formulation (c). Additionally, applicant expects that 
although there will be a difference in the rales of absorption 
among forms (a) through (d), the extent of absorption (as 
measured by the area under the curve (AUC)) should be 
similar among the formulations (a) through (d). 

EXAMPLE XII 

Intraveneous PPl in Combination With Oral Parietal Cell 
Activator 

Sixteen (16) normal, healthy male and female study 
subjects over the age of 18 will be randomized to receive 
panioprazole as follows: 

(a) 40 mg IV over 15 to 30 minutes in combination with 
a 20 ml oral dose of sodium bicarbonate 8.4%; and 

(b) 40 mg IV over 15 to 30 minutes in combination with 
a 20 ml oral dose of waier. 

The subjects vdW receive a single do.sc of (a) or (b) above, 
and will be crossed-over to (a) and (b) in random fashion. 
Serum concentrations of pantoprazole versus time after 
administration data will be collected, as well as. gastric pH 
control as measured with an indwelling pH probe. 

Further, similar studies are contemplated wherein choco- 
late or other parietal cell activator is substituted for the 
parietal cell activator sodium bicarbonate, and other PPIs are 
substituted for pantoprazole. The parietal cell activator can 
be administered either ^^'ithin about 5 minutes before, during 
or within about 5 minutes after the IV dose of PPI. 

Applicant expects that these studies will demonstrate that 
significantly less IV PPI is required to achieve therapeutic 
effect when it is given in combination with an oral parietal 
cell activator. 

Additionally, administration kits of IV PPI and oral pari- 
etal cell activator can be packaged in many various forms for 
case of administration and to optimize packing and shipping 
the product. Such kits can be in unit dose or multiple dose 
form. 
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EXAMPLE XIII 

Twelve (12) Month Stability of Omeprazole Solution 
A solution was prepared by mixing 8.4% sodium bicar- 
bonate with omeprazole to produce a final concentration of 
2 mg/ml to determine the stability of omeprazole solution 
after 12 months. The resultant preparation was stored in 
clear glass al room temperature, refrigerated and frozen. 
Samples were drawn after thorough agitation from the stored 
preparations at the prescribed limes. The samples were then 
stored at 70" C Frozen samples remained frozen until they 
were analyzed. When the collect ion process was completed, 
the samples were shipped to a laboratory overnight on dry 
ice for analysis. Samples were agitated for 30 seconds and 
sample aliquots were analyzed by HPLC in triplicate accord- 
ing to well known methods. Omeprazole and the internal J5 
standard were measured by a modification of the procedure 
described by Amantea and Narang. Amaniea Mass., Narang 
PK, Improved Procedure For Quantitation Of Omeprazole 
And Metabolites Using Reverse -Phased High-Performance 
Liquid Chromatography, J. Chromatography, 426: 216-222 20 
(1988). Twenty (20) ul of the omeprazole 2 mg/'ml NaHCOs 
solution and 100 ul of the internal standard solution were 
vortexed with 150 ul of carbonate bufler (pH-9.8), 5 ml 
dichloroelhane, 5 ml hexane, and 980 ul of sterile water. The 
sample was centrifuged and the organic layer was extracted 
and dried over a nitrogen stream. Each pellet was reconsti- 
tuted with 150 ul of mobile phase {40% methanol, 52% 
0.025 phosphate buffer, 8% acctoniirile, pH=7.4). Of the 
reconstituted sample, 75 ul were injected onto a C]85u 
column equilibrated with the same mobile phase al 1.1 
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suspension tablet, chewable tablet, effer\'escent 
powder, and effer\'esceni tablet. 

2. The composition as recited in claim 1, wherein the 
proton pump inhibitor is omeprazole. 

3. The composition as recited in claim 1, wherein the 
proton pump inhibitor is lansoprazole. 

4. The composition as recited in claim 1, wherein the 
proton pump inhibitor is rabeprazolc. 

5. The composition as recited in claim 1, wherein the 
proton pump inhibitor is esomeprazolc. 

6. The composition as recited in claim 1, wherein the 
proton pump inhibitor is panioprazole. 

7. The composition as recited in claim 1, wherein the 
proton pump inhibitor is pariprazole. 

8. The composition as recited in claim 1, wherein the 
proton pump inhibitor is leminoprazole. 

9. The composition as recited in claim 1, further com- 
prising at least one flavoring agent. 

10. The composition as recited in claim 1, further com- 
prising an anti-foam ing agent. 

11. The composition as recited in claim 1, wherein the 
dosage form is a suspension tablet, 

12. The composition as recited in claim 1, wherein the 
dosage form is a chewable tablet. 

13. The composition as recited in claim 12, further 
25 comprising aspartame. 

14. The composition as recited in claim 1, wherein the 
dosage form is an cflfervescent powder. 

15. Tlie composition as recited in claim 1, wherein the 
dosage form is an effervescent tablet. 

16. The composition as recited in claim 1, wherein the 



ml/min. Omeprazole was eluied at -5 min, and the internal buffering agent is at least about 1680 mg sodium bicarbon- 



standard at -7.5 min. The standard curve was linear over the 
concentrated range 0-3 mg/ml, and between-day coelEcient 
of variation was <8% at all concentrations. Mean R2 for the 
standard curve was 0.980. 

The 12 month sample showed stability at greater than 
90% of the original concentration of 2 mg/ml. (i.e., 1.88 
mg/'ml, 1.94 mg/ml, 1.92 mg/ml). 

Throughout this application various publications and pat- 
ents are referenced bv citation and number. The disclosure of 



17. The composition as recited in claim 1, wherein the 
buffering agent is about 1000 mg to about 1680 mg sodium 
bicarbonate. 

18. A method of producing a liquid pharmaceutical 
composition, comprising: combining the composition 
recited in claim 11 with an aqueous medium. 

19. A method of producing a liquid pharmaceutical 
composition, comprising: combining the composition 



these publications and patents in their cniirciies are hereby recited in claim 12 with an aqueous medium 



incorporated by reference into this application in order to 
more fully describe the stale of the art to which this 
invention pertains. 

The invention has been described in an illustrative 



20. A method of producing a liquid pharmaceutical 
composition, comprising: combining the composition 
recited in claim 14 with an aqueous medium. 

21. A method of producing a liquid pharmaceutical 



manner, and it is to be unders.ood ihe lerminologv used is "5 coniposition. comprising: combining the composilioD 



intended to be in the nature of description rather than of 
limitation. Obviously, many modifications, equivalents, and 
variations of the present invention are possible in light of the 
above teachings. Therefore, it is to be understood that within 
the scope of the appended claims, the invention may be 
practiced other than as specifically described. 
I claim: 

1. A solid pharmaceutical composition in a dosage form 
that is not enteric -coaled, comprising: active ingredients 
consisting essentially of: 

(a) a non-enteric coated proton pump inhibitor selected 
from the group consisting of omeprazole, lansoprazole, 
rabeprazole, esomeprazole, pantoprazole, pariprazole, 
and leminoprazole, or an cnantiomer, isomer, free base. 



.so 



recited in claim 15 with an aqueous medium. 

22. A method for treating an acid-cau.'ied gastrointestinal 
disorder in a subject in need thereof, comprising: adminis- 
tering to the subject the dosage form of claim 1 via a route 
selected from the group consisting of oral, nasogastric, and 
ga.siric tube. 

23. The method as recited in claim 22, wherein the 
disorder is selected from the group consisting of duodenal 
ulcer disease, gastric ulcer disease, gastroesophageal reflux 
disease, erosive esophagitis, poorly responsive symptomatic 

55 gastroesophageal reflux disease, pathological gastrointe.sti- 
nal hypersecretory disease, Zollinger Ellison Syndrome, and 
acid dyspepsia. 

24. A method for treating an acid-caused gastrointestinal 
disorder in a subject in need thereof, comprising: adminis- 



or salt thereof, in an amount of approximately 5 mg to tering to the subject a solid pharmaceutical composition in 



approximately 300 mg; and 
(b) at least one buffering agent selected from the group 
consisting of sodium bicarbonate, potassium 
bicarbonate, a calcium salt, and a magnesium salt, in an 
amount of approximately 0.1 mEq to approximately 2.5 65 
mEq per mg of proton pump inhibitor; wherein the 
dosage form is selected from the group consisting of 



a dosage form that is not enteric-coated; wherein the com- 
position comprises active ingredients consisting essentially 
of: 

(a) a therapeutically effective amount of approximately 5 
mg to approximately 300 mg of a non-enteric coaled 
proion pump inhibitor selected from the group consist- 
ing of omeprazole, lansoprazole, rabeprazole. 
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esomcprazole, panioprazolc, pariprazole, and 
Icminoprazolc, or an cnantiomer, isomer, derivaiivc, 
free base, or salt thereof; and 
(b) a buffering agent in an amount of approximately 1,0 
mEq to approximately 150 mEq selected from the 
group consisting of a bicarbonate salt of a group lA 
metal, a calcium sail, and a magnesium salt, wherein 
the buffering agent is in an amount sufficient to elevate 
gastric acid pH of the subject's stomach to prevent or 
inhibit gastric acid degradation of the non-enteric 
coated proton pump inhibitor and achieve sufficient 
bioavailability of the proton pump inhibitor in the 
subject to elicit a therapeutic effect. 

25. The method of claim 24, wherein the calcium salt is 
selected from the group consisting of calcium acetate, cal- 
cium glycerophosphate, calcium chloride, calcium 
hydroxide, calcium lactate, calcium bicarbonate, calcium 
gluconate, and other calcium salts. 

26. Tht method of claim 24, wherein the sodium bicar- 
bonate is in an amount from about 1000 mg to about 1680 
mg. 

27. The method of claim 24, wherein the sodium bicar- 
bonate is in an amount of at least about 1680 mg. 

28. The method of claim 24, wherein the calcium salt is 
calcium carbonate present in an amount from about 250 mg 
to about 1000 mg. 

29. The method of claim 24, wherein the calcium salt is 
calcium carbonate present in an amount from about 500 mg 
to about 1000 mg. 

30. The method of claim 24, wherein the calcium salt is 
calcium carbonate present in an amount of at least about 
1000 mg. 

31. The method of claim 24, wherein the buffering agent 
is in an amount of at least 10 m£q. 

32. The method of claim 24, wherein the buffering agent 
is in an amount from about 10 mEq to about 70 mEq. 

33. The method of claim 24, wherein the buffering agent 
is in an amount from about 20 mEq to aboui 40 mEq. 

34. The method of claim 24, wherein the proton pump 
inhibitor is in an amount from about 10 mg to about lOO mg. 

35. The method of claim 24, wherein the proton pump 
inhibitor is omeprazole. 

36. The method of claim 35, wherein the omeprazole is 
present in an amount of about 10 mg. 

37. Tht method of claim 35, wherein the omeprazole is 
present in an amount of about 20 mg. 

38. The method of claim 35, wherein the omeprazole is 
present in an amount of about 40 mg. 

39. The method of claim 35, wherein the omeprazole is 
present in an amount of about 60 mg. 

40. The method of claim 35, wherein the omeprazole is 
present in an amount of about 80 mg. 

41. The method of claim 35, wherein the omeprazole is 
present in an amount of about 100 mg. 

42. The method of claim 24, wherein the proton pump 
inhibitor is lansoprazole. 

43. The method of claim 42, wherein the lansoprazole is 
present in an amount of about 15 mg. 

44. The method of claim 42, wherein the lansoprazole is 
present in an amount of about 30 mg. 

45. The method of claim 42, wherein the lansoprazole is 
present in an amount of about 45 mg. 

46. Tlie method of claim 42, wherein the lansoprazole is 
present in an amount of about 60 mg. 

47. TTie method of claim 42, wherein the lansoprazole is 
present in an amount of about 90 mg. 

48. The method of claim 42. wherein the lansoprazole is 
present in an amount of about 100 mg. 

49. The method of claim 24, wherein the proton pump 
inhibitor is micronized. 
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50. The method of claim 24, wherein the composition is 
in a dosage form selected from the group consisting of a 
tablet, powder, suspension tablet, chewable tablet, capsule, 
effervescent powder, effer\'escent tablet, pellets, and gran- 

j ulcs. 

51. The method of claim 24, wherein the subject is a 
human. 

52. Ttic method of claim 24, wherein the dosage form 
further comprises a flavoring agent, 

53. The method of claim 52, wherein the flavoring agent 
30 comprises aspartame, chocolate, root beer, peppermint, 

spearmint, or watermelon, and combinations of any of the 
foregoing. 

54. The method of claim 24, wherein the composition is 
provided as a separate component of a kit. 

j5 55. The method of claim 24, wherein the disorder is 
selected from the group consisting of duodenal ulcer 
disease, gastric ulcer disease, gastroesophageal reflux 
disease, erosive esophagiiis, poorly responsive symptomatic 
gastroesophageal reflux disease, pathological gastrointesti- 
nal hypersecretory disease, Zollinger Ellison Syndrome, and 
acid dyspepsia. 

56. The method of claim 24, wherein the dosage form is 
administered once or twice a day, 

57. A solid pharmaceutical composition in a dosage form 
that is not enteric-coated, comprising: active ingredients 

" consisting essentiaUy of: 

(a) a therapeutically effective amount of a non-enteric 
coated proton pump inhibitor selected from the group 
consisting of omeprazole, lansoprazole, rabeprazolc, 
esomeprazole, pantoprazole, pariprazole, and 
leminoprazole, or an enantiomer, isomer, derivative, 
free base, or salt thereof; and 

(b) a buffering agent selected from the group consisting of 
sodium bicarbonate, and calcium carbonate, in an 
amount more than about 40 limes the amount of the 
proton pump inhibitor on a weight to weight basis in the 
composition. 

58. The composition as recited in claim 57, wherein the 
buffering agent is sodium bicarbonate. 

59. The composition as recited in claim 57, wherein the 
*^ .sodium bicarbonate is in an amount from about 400 mg to 

about 4000 mg. 

60. The composition as recited in claim 57, wherein the 
sodium bicarbonate is in an amount of at least about 800 mg. 

61. The composition as recited in claim 57, wherein the 
buffering agent is calcium carbonate. 

62. The composition as recited in claim 57, wherein the 
calcium carbonate is in an amount from about 400 mg to 
about 4000 mg. 

63. The composition as recited in claim 61, wherein the 
50 calcium carbonate is in an amount from about 500 mg to 

about 1000 mg. 

64. The composition as recited in claim 61, wherein the 
calcium carbonate is in an amount of at least about 800 mg. 

65. The composition as recited in claim 57, wherein the 
proton pump inhibitor is in an amount from about 10 mg to 
about 100 mg. 

66. The composition as recited in claim 57. wherein the 
proton pump inhibitor is omeprazole. 

67. The composition as recited in claim 66, wherein the 
omeprazole is present in an amount of about 10 mg. 

68. The composition as recited in claim 66, wherein the 
omeprazole is present in an amount of about 20 mg. 

69. TTie composition as recited in claim 66, wherein the 
omeprazole is present in an amount of about 40 mg, 

70. Tlie composition as recited in claim 66, wherein the 
65 omeprazole is present in an amount of about 60 mg. 

71. The composition as recited in claim 66, wherein the 
omeprazole is present in an amount of about 80 mg. 
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72. The composition as recited in claim 66, wherein the 
omeprazole is present in an amount of about 100 mg. 

73. The composition as recited in claim 57, wherein the 
proton pump inhibitor is lansoprazole. 

74. T^e composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 15 mg. 

75. The composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 30 mg. 

76. The composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 45 mg. 

77. Tht composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 60 mg. 

78. TTie composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 90 mg. 

79. The composition as recited in claim 73, wherein the 
lansoprazole is present in an amount of about 100 mg. 

80. The composition as recited in claim 57, wherein the 
proton pump inhibitor is micron ized. 

81. The composition as recited in claim 57, wherein the 
composition is in a dosage form selected from the group 

- eonsTSling-of a tablet, powderrsuspension-tablei, chewable 
tablet, capsule, effervescent powder, effervescent tablet, 
pellets, and granules. 

82. The composition as recited in claim 57, further 
comprising a flavoring agent comprising aspartame, 
chocolate, root beer, peppermint, spearmint, or watermelon, 
and combinations of any of the foregoing. 

83. The composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 50 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

84. The composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 60 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

85. Tlie composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 70 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

86. The composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 80 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

87. The composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 90 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

88. The composition as recited in claim 57, wherein the 
amount of the buffering agent is more than about 100 times 
the amount of the proton pump inhibitor on a weight to 
weight basis in the composition. 

89. The composition as recited in claim 57, wherein the 
composition is provided as a separate component of a kit 

90. A method of producing a liquid pharmaceutical com- 
position comprising: combining the dosage form of claim 57 
with an aqueous medium. 

91. A method for treating an acid-caused gastrointestinal 
disorder in a subject in need thereof, comprising: adminis- 
tering to the subject the dosage form as recited in claim 57 
via a route selected from the group consisting of oral, 
nasogastric, and gastric tube. 

92. The method as recited in claim 91, wherein the 
disorder is selected from the group consisting of duodenal 
ulcer disease, gastric ulcer disease, gastroesophageal reflux 
disease, erosive esophagitis, poorly responsive symptomatic 
gastroesophageal reflux disease, pathological gastrointesti- 
nal hypersecretory disease, Zollinger Ellison Syndrome, and 
acid dyspepsia. 

93. The method as recited in claim 91, wherein the 
compo.sition is administered once or twnce a day. 
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94. A method for administering a liquid pharmaceutical 
composition to a subject, comprising: combining the phar- 
maceutical composition as recited in claim 57 with an 
aqueous medium to form a suspension, and orally adminis- 

5 lering the suspension to the subject in a single dose without 
administering an additional buffering agent. 

95. The composition as recited in claim 1. wherein the 
proton pump inhibitor is in an amount from about 10 mg to 
about 100 rag. 

96. The composition as recited in claim 95, wherein the 
proton pump inhibitor is omeprazole. 

97. The composition as recited in claim 95, wherein the 
omeprazole is present in an amount of about 10 mg. 

98. The composition as recited in claim 95, wherein the 
omcpra7x)le is present in an amount of about 20 mg. 

J5 99. The composition as recited in claim 95, wherein the 
omeprazole is present in an amount of about 40 mg. 

100. Tlie composition as recited in claim 95, wherein the 
omeprazole is present in an amount of about 60 mg. 

101. The composition as recited in claim 95, wherein the 
20 omeprazole is present- in an amount of about 80 mg. 

102. The composition as recited in claim 95, wherein the 
omeprazole is present in an amount of about 100 mg. 

103. The composition as recited in claim 95, wherein the 
proton pump inhibitor is lansoprazole. 

104. The composition as recited in claim 103, wherein the 
lansoprazole is present in an amount of about 15 mg. 

105. The comptisition as recited in claim 103, wherein the 
lansoprazole is present in an amount of about 30 mg. 

106. The composition as recited in claim 103, wherein the 
lansoprazole is present in an amount of about 45 mg. 

107. The composition as recited in claim 103, wherein the 
lansoprazole is present in an amount of about 60 mg. 

108. The composition as recited in claim 103, wherein the 
lansoprazole is present in an amount of about 90 mg. 

109. The composition as recited in claim 103, wherein the 
5^ lansoprazole is present in an amount of about 100 mg. 

110. The composition as recited in claim 1, wherein the 
proton pump inhibitor is micronized. 

111. The composition as recited in claim 9, wherein the 
flavoring agent comprises aspartame, chocolate, root beer, 

40 peppermint, spearmint, or watermelon, and combinations of 
any of the foregoing. 

112. The composition as recited in claim 1, wherein the 
composition is provided as a separate component of a kit. 

113. The composition of claim 1, wherein the buffering 
agent comprises a bicarbonate salt of a Group LA metal. 

114. The composition of claim 1, wherein the buffering 
agent comprises at least one of magnesium hydroxide, 
magnesium lactate, magnesium gluconate, magnesium 
oxide, magnesium carbonate, or magnesium silicate. 

115. The composition of claim 1, wherein the buffering 
agent comprises at least one of calcium acetate, calcium 
glycerophosphate, calcium chloride, calcium hydroxide, cal- 
cium lactate, calcium carbonate, calcium bicarbonate, cal- 
cium gluconate, or other calcium salts. 

116. The composition of claim 1, further comprising a 
55 disintegrant, flow aid, lubricant, adjuvant excipienl, 

colorant, diluent, moistening agent, preservative, and pbar- 
maceutically compatible carrier. 

117. The method of claim 24, wherein the composition 
further comprises a disintegrant, flow aid, lubricant, 

60 adjuvant, excipient, colorant, diluent, moistening agent, 
preservative, and pharmaceutical ly compatible carrier. 

118. The composition of claim 57. further comprising a 
disintegrant, flow aid, lubricant, adjuvant, excipienl, 
colorant, diluent, moistening agent, preservative, and phar- 
maceutically compatible carrier. 
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Line 51, after Table 3, please insert Tables 4 and 5 as follows: 
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The aveniEe leneth of treatment was 9 davs. Cost of care was calculated from these davs. 








Per Day 


Total 


OMEPRAZOLE (day 1) 






Product acquisition cost 40 mg load x 2 5.66/dose) 


U.32 


11.32 


Ancillary product materials for solution preparation 


0.41 


0.41 


Ancillary product syringe w/necdle 


0.20 


0.40 


Sterile preparation required no 






SOS preparation time (R.N.) 6 minutes 


2.40 


4.80 


R.N. time ($24/hr) 2 1 minutes/day (includes pH monitoring) 


8.40 


8.40 


OMEPRAZOLE fdavs 2-91 






Product acquisition cost 20 mg per day 


2.80 


22.65 


Ancillary product materials for solution preparation 


0.41 


0.82 


Ancillary product syringe w/needle 


0.20 


1.60 


Sterile preparation required no 






SOS preparation time (R.N.) 6 minutes 


2.40 


4.80 


R.N. time ($24/hr) 1 8 minutes/day (includes pH monitoring) 


8.40 


57.60 


2/75 patient reouire 40 me simolified omeprazole solution per day (days 2-9) 




0.63 


No additional cost for adverse effects or for failure 






TOTAL 113.43 






Simplified Omeprazole Solution cost per day 12.60 






Pharmacoeconomic evaluation of omeprazole cost of care 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
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TABLE 5 



Time 


Control 


1 hour 


24 hour 


2 day 


7 day 


14 day 


Cone (mg/nil) 


2.01 


2.07 


1.94 


1.96 


1.97 


1.98 



Stability of Simplified Omeprazole Solution at room temperature 
(25** C). Values arc the mean of three samplcs.- 



Column 37 

Line 14, delete *'bicarbonate." and insert -bicarbonate;--, therefor. 
Line 63, after "plasma then", insert -be-, therefor. 

Column 38 

Line 1 1 , delete "Choco-Base" and insert -Choco-BaseTM-, therefor. 
Line 12, after "suspension and", delete "190" and insert -100-, therefor. 

Column 39 

Line 22, after "suspension and", delete "190" and insert -100-, therefor. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. 6.489.346 

DATED December 3, 2002 

INVENTOR(S) : Phillips, J.O. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Claim 1 

After "an enantiomer, isomer," insert -derivative,-, therefor. 
Colimin 2 

Line 17, delete "cimetidine" and insert -Cimetidine-, therefor. 

Line 19, delete "39" and insert -30-, therefor. 

Line 41, delete "64" and insert -84-, therefor. 

Line 48, delete "Antacids" and insert -antacids-, therefor. 

Line 63, delete "64" and insert -84-, therefor. 

Column 9 

Line 42, delete "Brunton" and insert -Goodman AG, et al.-, therefor. 
Lines 43-44, delete "In Goodman A G, et al." and insert -in-, therefor. 

Column 13 

Line 31, delete "inhibitor" and insert -inhibitors-, therefor. 
Column 20 

Lines 32-33, after "Dextrose 10 mg" insert a new line as follows: -Calcium Hydroxide 
10 mg- 

Column 22 

Lines 51-52, delete "Choco-Base," and insert -Choco-BaseTM"-, therefor. 
Line 56, delete "Choco-Base" and insert -Choco-BaseTM-, therefor. 
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Column 23 

Line 29, after "males and 6" insert -were-, therefor. 
Column 24 

Line 21, delete "Choco-Base" and insert -Choco-BaseTM-, therefor. 
Column 28 

Line 39, delete "Choco-Base" and insert -Choco-BaseTM-, therefor. 
Line 46, delete "Choco-Base" and insert -Choco-BaseTM-, therefor. 
Line 55, delete "Choco-Base" and insert -Choco-BaseTM--, therefor. 

Column 36 

Line 30, after "TOTAL", delete -far- and insert -for-, therefor. 
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DECLARATION OF DAVID C. YEOMANS, Ph.D. IN SUPPORT OF 
APPLICATION FOR PATENT TERM EXTENSION 

I5 David C. Yeomans, Ph.D., declare: 

1 . I am the Director of the Stanford Pain Research Center and on the Faculty of 
the Department of Anesthesia at Stanford University School of Medicine in Stanford, 
California. I make the statements in this Declaration from my own personal knowledge, and 
if required, could and would testify competently to the facts contained herein. 

Background and Experience 

2. I have a Doctoral degree in Neuroscience from University of Florida and a 
Bachelor of Arts degree in Psychology from Dartmouth College. I also did a Post-doctoral 
fellowship in Pharmacology at the University of Illinois. A true and correct copy of my 
Curriculum Vitae is attached as Exhibit A. 

3. In my role as Director of the Stanford Pain Research Center, I provide 
guidance and coordination of pharmacologic research relevant to anesthesia and pain across 
Stanford University. This work includes the development and use of novel models to help 
understand how pain in different body systems works, and how best to therapeutically 
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manipulate these mechanisms. This work further includes extensive analysis of the 
pharmacological interactions among various drugs and drug combinations. 

4. As part of my investigations relating to drug interactions, I discovered an 
important synergy in the analgesic effects of N-type calcium channel blockers and morphine 
as more fully described in my publication titled "Combined Effects of N-type Calcium 
Channel Blockers And Morphine On A-delta vs. C Fiber Mediated Nociception," a copy of 
which is attached as Exhibit B, This particular discovery has provided me with an 
understanding of the methodologies and analysis necessary to distinguish pharmacologic 
synergies from those drug interactions that are not synergistic. 

5. A subset of the general field of pain research is the specific research relating 
to gastric acidity induced pain. In animal models, I have routinely conducted research 
relating to the pharmacologic inhibition of pain induced by injection of noxious chemicals 
into the gastric cavity. This experience has provided me with substantial working knowledge 
of pain and pain inhibition with gastric tissue. 

Undertaking 

6. Due to my extensive pharmacology background, and more specifically to my 
experience with pharmacological interactions, I have been asked to determine whether a 
synergistic effect and/or other pharmacological interaction results from the combination of 
the proton pump inhibitor, Omeprazole , and an antacid Buffer . 



"Omeprazole" as used in this Declaration is 40 mg of uncoated or "naked" omeprazole (i.e., not enteric coated). 
^ "Buffer" as used in this Declaration is 20 mEq of sodium bicarbonate or 30 mEq of a 1 :1 mixture of sodium 
bicarbonate and calcium carbonate. I refer to Omeprazole and the Buffer individually in this Declaration as a 
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Summary of Conclusions 

7. For the reasons provided in this Declaration, I have concluded that the 
combination of these two Compounds produces a pharmacological interaction. Furthermore, 
I have concluded that this interaction is synergistic. 

8. With regard to my conclusion that a synergistic effect exists for the 
combination of the Compounds, I specifically conclude that the effect of the combination of 
the two Compounds was greater than the sum of their predicted individual acid reducing 
effects. In fact, for the Compounds tested, the acid reducing effects for the combination was 
supra-additive when compared to the sum of the effects of each Compound administered 
alone (see Figure 1 below). Thus, when the Omeprazole was co-administered with the 
Buffer to adult volunteers, the resultant data demonstrated a 500% (5-fold) increase in the 
acid reducing effect of the combination over the sum of the effects of Omeprazole the Buffer 
alone. 

9. With regard to my conclusion that a pharmacological interaction exists for the 
combination of the Compounds, I specifically conclude that the effect of the combination of 
the Compounds described in the paragraph above is an example of a pharmacological 
interaction for two reasons. First, the administration of the Buffer influences acid reducing 
effects of administration of the Omeprazole. Second, for the reasons provided above that 
show a synergistic effect between the two Compounds, I also conclude that a 
pharmacological interaction is inherently present if there is a finding of synergy. 



"Compound" and collectively as "Compounds." It is also my understanding that the combination of the Omeprazole 
and the Buffer comprise the product known as Zegerid^'^. 
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Definitions 

1 0. Before explaining the analysis I performed in reaching my conclusions above, 
I first provide generally accepted definitions for synergy and pharmacological interaction, as 
are well known by pharmacologists such as myself 

1 1 . Synergy has a very specific meaning in pharmacology. The phenomenon of 
synergy is understood to mean that if the measured effects of a combination of two drugs are 
greater than that predicted by the sum of the effects of the individual drugs, the combination 
is considered to be synergistic. Synergy may be explained by reference to a number of 
variables that are analyzed using three steps: a measured effect step, a predicted effect step, 
and a statistical analysis of the results of these two steps. 

12. For the measured effect step, three variables must be experimentally measured 
for two drugs, A and B: (i) measured effect of drug A (Variable A); (ii) measured effect of 
drug B (Variable B); and (iii) measured effect of the combination of drug A and drug B 
(CM). 

13. For the predicted effect step, A is added to B resulting in a predicted 
(additive) combined effect (CP). 

14. For the statistical analysis step, CM is compared to CP to determine whether 
CM is significantly greater than CP. If the statistical analysis shows that CM is statistically 
significantly greater than CP, then synergy exists by the combination. 

15. By way of example, if a dose of drug X produces variable A of 2, and a dose 
of drug Y produces a variable B of 3, then we would expect that combining these two doses 
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of the two drugs would produce a CP of 5 ( 2 + 3 = 5). Thus, the pharmacologic interaction 
between the two drugs would be considered additive. On the other hand, if the measured 
effect (CM) of these two doses of the two drugs produces an effect that is statistically 
significantly greater than 5, say a CM of 20, then the combination of these two drugs can be 
considered to form a pharmacologic synergy. 

16. There are several mathematical models for examining data for synergy, but all 
have similar underlying principles. See^ e.g., Tallarida, Drug Synergism and Dose-Effect 
Data Analysis . Boca Raton: CRC Press, 2000. Specifically, these models look to see if the 
experimental results of combinations of two drugs are significantly greater than the predicted 
result of that same combination. Procedurally, synergy may be determined by conducting 
certain statistical analyses of experimental data using standard computer statistical 
applications as described further below. 

1 7. Pharmacological interaction is a more broadly defined term than synergy. 
Pharmacological interaction describes a condition where the effect of one drug on a body is 
influenced by the co-administration of another drug on the same body. Some examples of 
the types of pharmacological interaction include sub-additive, additive and supra-additive 
(synergistic) effects of the drugs where the two or more drugs have a similar (i.e. overt) 
general effect on the body. 

18. With these general definitions in mind, I now explain the analyses performed 
in reaching the conclusions above. 
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Background Information Related To Analysis Performed 

19. I conducted this analysis in my office at Stanford University School of 
Medicine in Stanford, California. 

20. I began my analysis by reviewing experimental data, protocols from pilot 
studies and other studies ("Pre-NDA Information") collected as part of an NDA application 
to the Food and Drug Administration for the product Zegerid™. This Pre-NDA Information 
had already been collected during development of this product and the tests were not 
performed solely for my analysis below. 

21. In addition to the Pre-NDA Information, I also independently reviewed 
scientific literature relevant to the scope of this analysis. 

22. After reviewing the Pre-NDA Information and the relevant scientific 
literature, I focused my analysis on experimental protocols and data from the Pre-NDA 
Information, as well as the following particular items: 



a. U.S. Patent Nos. 6,699,885, 6,645,988, 6,489,346, and 5,840,737 attached as 



Exhibit C. 



b. 



Forsythe SM, Schmidt GA. Sodium bicarbonate for the treatment of lactic 



acidosis. Chest, 2000; 1 17:260-267 attached as Exhibit D, 



c. 



Pilbrant A, Cederberg C. Development of an oral formulation of omeprazole. 



Scand J Gastroenterol Suppl 1985;108: 1 13-20 attached as Exhibit E. 



12943303.4 02965508 



6 



d. Kaunitz JD, Akiba Y. Duodenal intracellular bicarbonate and the 'CF paradox*. J, 
Pancreas, 2001 Jul;2(4 Suppl):268-73 attached as Exhibit F. 

e. Thomson AB, Pinchbeck B, Kirdeikis J, Kirdeikis P, Zuk L, Brunet MK, Jurima- 
Romet M, Murray PE, Evaluation of antacid tablets and liquid in fasting and fed 
men and women. Clin Ther. 1988;1 0(2): 158-68 attached as Exhibit G. 

f Fordtran JS, Morawski SG, Richardson CT. In vivo and in vitro evaluation of 

liquid antacids. NEnglJMed. 1973 May 3;288(18):923-8 attached as Exhibit H, 

23. From these items, the following experimental parameters are noted as relevant 
factors for the analysis. 

24. First, in all the experiments that I relied upon, healthy human volunteers were 
used. At least seven (7) subjects were tested for each drug/group. My experience in 
pharmacologic testing indicates that this sample size is adequate for the analysis performed. 

25. Second, the Compounds were administered orally. 

26. Third, all experimental data that I relied upon was from unfed (fasted or 
premeal) subjects. 

27. Fourth, during the course of the experiments that I relied upon, gastric pH was 
measured at various time points prior to and after administration of the Compounds. Gastric 
pH is an appropriate endpoint to evaluate acid neutralizing capacity of acid reducing 
formulations. In some cases, data had been converted to integrated gastric acidity (IGA) in 
mmol.hr/L (also an appropriate endpoint), prior to my receiving the data. In those cases 
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where data was sent in raw pH format, I converted this data to IGA to allow direct 



comparison. To do this, I used the same formula as used throughout the Pre-NDA 



Information that I relied upon. The formula is as follows: 



Acid Concentration (mM) = 1000 X 10"^" 

IGA = (Acid Concentration at time "to" + 
/2X(to-t,) 



Acid Concentration at time "tj") 



Thus, IGA was used to indicate gastric acidity at different time points. 



Analysis 



28. With these parameters in mind, I conducted the analysis described below. The 
object of the analysis was to statistically compare (i) the measured acid reducing effect (CM 
as defined above) of a combination of Omeprazole and the Buffer to (ii) the predicted acid 
reducing effect (CP as defined above) of the same combination based on the sum of the 
effects of the two Compounds administered alone (A + B). 

29. In order to assess, statistically, whether the interaction observed between the 
two Compounds met the requirements of phamacologic synergy, data had to be re-expressed 
as "difference scores." That is, in order to be able to directly compare acidity effects 
produced by different Compounds, the effect of the Compounds needed to be converted to a 
value normalized by subtracting a "control value," in this case the last pre-drug acidity value. 
Thus, for any given time point, these difference scores give a true assessment of acid 
reducing efficacy of a treatment. Difference scores were therefore created from measured 
acidity after administering each of the two Compounds alone or administering the 
combination of the Compounds together. The measured difference scores for the 
combination of Compounds are referred to as the "Measured Combination Values". 
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30. Furthermore, by combining measured difference scores obtained from data 
measured after separate administration of either Compound, I calculated the predicted effect 
of a combination of the two by simply adding the two sets of difference scores ("Predicted 
Values"). 

31 . The Predicted Values then were statistically compared to the Measured 
Combination Values. 

32. Statistical analysis was performed to determine if there was an overall 
significant difference between Predicted Values of the Omeprazole/Buffer combination and 
the Measured Combination Values using a two-way Analysis of Variance with "predicted vs. 
measured" and "time after dose" as dependent variables. For this analysis, significance was 
set at p < 0.05; in other words, there is a less than a 5% chance that the results of the analysis 
occurred randomly. If the Analysis of Variance indicated that the Measured Combination 
Values were significantly greater than the Predicted Values, the combination of the 
Compounds were considered synergistic. Follow up analyses were made using a 
Bonferroni's test (a well known statistical test) to look for significant differences at particular 
time points after administration of the Compounds. 
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Results 

Figure 1. Difference Scores for Actual 
and Predicted Gastric Acidity 




Time(min) 

— A — Buffer — •— CME P ■ MCV --B-- PV 

•J 

33. Figure 1 shows the difference scores for: (i) the Measured Values of the two 
Compounds alone; and (ii) the Measured Combination Values (filled squares; MCV) of the 
combined Compounds. From Figure 1, it is clear that the acid reducing effects of the Buffer 
alone (filled triangles; Buffer), though robust, are short-lived; the effect of Omeprazole alone 
(filled circles; OMEP) is fairly minimal; while the effects of the combination of the 
Compounds (Measured Combination Values) are large, and long lasting. 

34. Also in Figure 1, 1 show the Predicted Values (open squares with broken line; 
PV) resulting from the simple addition of the Buffer alone value and the Omeprazole alone 
value (the Measured Values). In examining this Figure, it is clear from its appearance that 
overall, the actual acid reducing effects of the co-administration of Omeprazole and Buffer 



Difference scores for the individual Compounds. 
12943303.4 02965508 10 



produced substantially greater IGA difference scores than was predicted by the efficacy of 
the individual Compounds. 

35. The impression of a greater than Predicted Value of the combination of 
Omeprazole and Buffer was confirmed by statistical analysis. The analysis of variance 
demonstrated an overall significant difference between the Predicted Values and the 
Measured Combination Values of the two Compounds with a significance level of p < 0.05. 

36. Furthermore, when individual time point data were analyzed, the actual IGA 
difference score mean was statistically significantly greater at three later time points (30, 45, 
and 60 min after drug administration), with individual p values of < 0.05, < 0.001, and < 
0.001, respectively. This means that, for example, there is less than a 1 in 1,000 chance that 
the differences seen at 60 minutes occurred randomly, rather than by synergy. Thus, this 
difference between the Predicted Values and Measured Combination Values provides clear, 
strong statistical evidence of synergy. 

37. It is also worth noting that the trend of higher Measured Combination Values 
than Predicted Values holds for the two earliest time points, although these differences did 
not meet the test of statistical significance. In Figure 1, statistically significantly different 
individual means are denoted by asterisks (*). 

Conclusions 

38. The results of this analysis clearly demonstrate that both the Buffer and 
Omeprazole are capable of producing acid reducing effects on gastric contents. When 
administered alone, however, the Buffer has a robust, but short lived acid reducing effect, 
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and the Omeprazole produces a minimal acid reducing effect, probably due to its instability 
in acidic solution. 

39. Overall, the combination of the Omeprazole and Buffer demonstrated 
unpredicted supra-additivity on stomach acidity when compared to the Predicted Values of 
the two Compounds in combination. Examination of individual means at different time 
points indicates that this difference is not as significant at early time points, probably due to 
the fact that the Buffer has a very robust acid reducing effect, which brings the stomach to 
near neutral levels during these early time points. However, at later time points, the robust 
synergy becomes clearly evident. In fact, within 60 minutes after administering the two 
Compounds together, the acid reducing effect was 5 fold greater than that which would be 
predicted based on the individual effects of the Compounds. 

40. In my opinion, therefore, the supra-additivity demonstrated for the 
combination of Omeprazole and Buffer provides clear evidence of a synergy. Likewise, for 
these same reasons, I find that the combination of Omeprazole and Buffer provides clear 
evidence of a pharmacological interaction. 

41 . It should be noted that for the study from which the Measured Combination 
Values (filled squares in Figure 1) were derived, 20 mEq of buffering agent was used, 
whereas in the Buffer alone study (filled triangles in Figure 1) 30 mEq of Buffer was used. It 
is even more surprising, therefore, that such a large difference in gastric acidity is observed 
between the Measured Combination Values and the Predicted Values. I would expect that, 
had the formulation used in the measured combination study contained 30 mEq of Buffer, an 
even greater difference in gastric acidity would be observed between the Measured 
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Combination Values and the Buffer alone values, thereby providing even stronger evidence 
of synergy. 

42. Although I analyzed data relating to 40 mg Omeprazole and the Buffer 
amounts described (/.e., 20 mEq and 30 mEq), all of my conclusions relating to the synergy 
and pharmacological interaction are equally applicable to a formulation such as Zegerid™ 
which comprises, inter alia, 20 mg Omeprazole and 20 mEq of sodium bicarbonate. 
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AUG. 12. 2004 3;08PM DEPARTMENT OF ANE8THESIA-RESEARC 



NO. 008 P. 2 



43. The statements made herein are made of my own personal knowledge and are 
made with the knowledge that wUlful false statements and the like are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful statements may jeopardize any patent term extension which may be granted. 



44. Executed this day of August, 2004, in Palo Alto, California, 




David C. Yeomans, Ph, 



Date: August 12, 2004 
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Intrathecal fi opiates produce analgesia presynaptically 
by inhibiting caldum ion influx and postsynaptically 
by increasing potassium flux. Mu receptors are ex- 
pressed on presynaptic terminals of urunyelinated (C), 
but not myelinated (A6) nociceptors. Thus, fx-opioids 
such as morphine may act presynaptically to inhibit C, 
but not A6, neurotransmission, and postsynaptically on 
dorsal horn cells that receive input from A6 and /or C 
fiber nociceptors. N-type calcium ion channel blockers, 
such as oj-conotoxin GVIA {ct>-CTX), produce analgesia 
by impeding flux of calcium ions into A6 and C fiber 
nociceptor terminals. Thus, morphine and ci>-CTX at- 
tenuated C fiber nociception additively, possibly indi- 
cating the same presynaptic site of action. Conversely, 



morphine and cj- CTX were supraadditively analgesic 
on an A6 test, indicating that these agents probably 
have different sites of action. We conclude that al- 
though intrathecal application of either morphine or 
cu-CTX attenuates both A 6 and C fiber mediated noci- 
ception in rats, the combined effects are quite different 
for the two fiber types. Specifically, although coadmin- 
istration of morphine with cd-CDC produces an addi- 
tive, apparently presynaptic antinociception for C 
fiber-mediated responses, the combination produces a 
clearly supraadditive, and likely synergistic effect on 
A 6 mediated nociception, probably by acting at pre and 
postsynaptic sites, respectively. 

(Anesth Analg 2001;92:239-43) 



Most pain is initiated by activation of specialized 
primary afferents termed "nociceptors/' These 
fall into two main classes, thinly myelinated 
AS fibers and unmyelinated C fibers (1). liiese two 
classes of nociceptors have clearly differentiable ana- 
tomical distributions, physiologies, and pharmacolo- 
gies (2). Ad and C fiber nociceptors also produce qual- 
itatively discriminable sensations when activated. 
Thus, concomitant activation of A6 and C nociceptors 
produces a double pain; the first, sharp, piercing pain 
being mediated by A5 activation, and the second, 
burning pain is mediated by C fiber activity (3). Thus, 
different types or qualities of pain may be associated 
with the predominance of activity of one or the other 
type of nociceptor. 

Postsurgical pain is an example of a clinical condi- 
tion in, which distinct sensations might be ascribed to 
either C or A5 activity. A surgical wound likely acti- 
vates both types of afferents (4). However, in ihe re- 
covery room, it is likely that pain is dominated by C 
fiber activity. This is because AS afferents rapidly 
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accommodate (decrease or cease firing) with a con- 
stant Stimulus (such as a wound), whereas C fibers do 
not, but rather continue firing (4). If however, the 
woimd site is restimulated by movement, for example 
by coughing, change of dressing, or ambulation, A6 
fibers would be reactivated. Unfortunately, this move- 
ment is important in facilitating postsurgical recovery. 
Thus, C and A6 nociceptors appear to be involved in 
different aspects of postsurgical pain and these differ- 
ences have different implications for recovery from 
surgical trauma. 

C fiber-mediated pain responds well to /x-opioids, 
whereas AS-mediated pain and nociception are much 
less responsive (2,5-7). Consistent with this is the fact 
that tonic postsurgical pain is generally well cor\- 
trolled by opiates, whereas wound movement pain 
requires substantially larger (and more dangerous) 
doses (8). Thus, it would be useful to attenuate AS 
mediated pain by means other than ^i-opioids alone. 

Receptors specific for /x-opioids are localized both 
presynaptically on primary afferent terminals as well 
as on dendrites and cell bodies of dorsal horn neurons 
(9). Thus, the analgesia produced by spinal application 
of /x-opioids occurs by two means: presynaptic inhi- 
bition of neurotransmitter release from primary affer- 
ent terminals, and postsynaptic inhibition of second- 
ary cells in the dorsal horn (10). The first mechanism, 
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which appears to be limited to C fiber nociceptor 
terminals (11), is mediated by a decrease in inward 
Ca"^^ conductance (10). The second mechanism occurs 
by enhancement of postsynaptic conductance (10), 
and occurs at secondary dorsal horn cells that receive 
input from both A5 and C nociceptors (12). Thus, 
/m-opioids act by two mechanisms to inhibit C fiber- 
mediated pain, and one mechanism to inhibit AS- 
mediated pain. These findings probably explain the 
substantially greater apparent potency (2) and differ- 
ences in dose-response line slope (11) for C fiber vs A8 
mediated nociception and pain. 

The mechanistic differences in /x-opioid analgesic 
effects also point to potential differences in suscepti- 
bility of A5 and C fiber-mediated nociception to com- 
binational effects of ^L-opioids with Ca^"^ channel 
blockers. N-type Ca"^^ charmels appear to be involved 
in conveying nociceptive messages into the central 
from the peripheral nervous system (13). Consistent 
with this, N-type Ca"^"^ channels are highly concen- 
trated in central terminals of primary afferents (14), 
and N-type Ca"^"*" chaxmel blockers have analgesic 
effects alone (15,16) and in combination with 
)LL-opioids (17-19). Large doses of N-type Ca"^"^ chan- 
nel blockers given alone are generally necessary to 
produce significant analgesia, which may produce 
side effects (15), indicating a relatively small therapeu- 
tic index. In combination with opioids, however, Ca"^**" 
channel blockers appear to produce stronger analgesia 
(19). The nature of this interaction is not clear, how- 
ever, in that some investigators have described addi- 
tive effects (17) whereas others have reported pharma- 
cologic synergy (18,19). These differences may be a 
result of undescribed differences in the types of affer- 
ent activity producing the pain or nociceptive re- 
sponses under investigation. The purpose of this 
study was to investigate the effects of an N-type Ca"^"^ 
charmel blocker in a model of nociception in which the 
contribution of C and AS nociceptors has been defined 
(2,20) as well as to describe potential interactions be- 
tween the /jL-opioid morphine and an N-type Ca"^"^ 
charmel blocker. 



Methods 

Sprague-Dawley rats (300-400 g) were lightly anes- 
thetized with urethane (750 mg/kg). Intrathecal (IT) 
catheters were implanted as previously described (11). 
All drugs were injected IT in a volume of 10 /xL saline, 
followed by 10 fiL of saline to ensure that the entire 
drug dose reached the site of action, the limibar en- 
largement. Catheter placement was confirmed at the 
end of each experiment by histological examination. 
Blood pressure was continuously monitored by using 
a specially made blood pressure cuff and trai\sducer 
(Stoelting) to ensure that the antinociceptive effects of 



either drug were not contaminated by blood pressure 
changes. 

Responses evoked by thermal activation of AS and 
C nociceptors were separately assessed as previously 
described (21). Briefly, latencies were measured to foot 
withdrawals elicited by the output of a projection bulb 
focused on the dorsolateral or dorsomedial surfaces of 
either hind paw. The bulb intensity was set so as to 
increase the surface skin temperature either at a high 
(6.5°C/s) or low (0.9°C/s) average rate. The low rate 
evokes responses mediated by C fiber activation, 
whereas the high rate evokes responses mediated by 
that activation of AS nociceptors (20). The response 
latencies of the four skin surfaces were averaged and 
expressed as the foot withdrawal latency (FWL). To 
minimize tissue damage by prolonged heating in the 
absence of foot responses, trials were terminated after 
cutoff latencies of 20 s for the low and 6 s for the high 
heating rate trials. In addition, there was a 3-min 
interval between high and low rate testing to allow the 
skin to return to baseline temperatures (21). 

Baseline FWLs were determined. Thereafter, ani- 
mals were IT administered saline vehicle, the N-type 
Ca^"^ channel blocker ct)-conotoxin GVIA (o>-CTX) 
(22,23), morphine, or a combination of morphine and 
a>-CTX. The a>-CTX was administered in one of four 
doses (0.1, 0.5, 0.7, or 1.0 runoles). Preliminary exper- 
iments indicated that larger doses of (o-CTX produced 
potentially contaminating nonspecific motor effects 

(24) . Morphine was given in doses of 0.5, 1.0, 1.5, 3.0, 
or 5.0 nmoles. For those animals receiving a combina- 
tion of drugs, a>-CTX (0.5 nmoles) was injected 20 min 
before the injection of morphine (1.0 nmole). Drug 
effects on response latencies were determined imme- 
diately after the drug injection, and at 15 min intervals 
for 2 h. Eight animals were used for each dose. 

In all behavioral experiments, a one-way analysis of 
variance was used to assess the effects of each drug, 
and a least-squares means test was used for post hoc 
comparisons of test dose vs saline controls. Because 
AS mediated and C fiber mediated responses occur at 
different latencies, but similar skin temperatures (21), 
we standardized our measures by converting latencies 
to calculated subsurface skin temperatures at response 
according to the following formula (11): 

T, = Lr X H + Tb 

where Tj. = subsurface skin temperature at response, 
Lj. = response latency, H = heating rate (2.5°C/s for 
AS stimulation; 0.6°C/s for C stimulation), and T^ = 
average baseline temperature = (in this case) 35°C. 

Dose-response curves were constructed where pos- 
sible and 50% effective dose values (EDgo values) were 
calculated by the method of Tallarida and Murray 

(25) . Statistical comparisons were made, where appro- 
priate, between drug effects on responses to high or 
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low-rate skin heating. All experimental procedures 
were in accordance with the guidelines of the Com- 
mittee for Research and Ethical Issues of the Interna- 
tional Association for the Study of Pain, and were 
reviewed and approved by the University of Illinois 
Animal Care Committee. 



Results 

IT applications of either the N-type Ca^"*" charmel 
blocker cd-CTX or morphine produced antinociception 
on the foot withdrawal test. The admiiustration of 
(o -CTX (0.1, 0.5, 0.7, and 1.0 runoles) produced sigruf- 
icant, dose-dependent increases in FWLs in rats for at 
least 2 h after injection (Figure 1). There were, how- 
ever, differences in the time-course of effects for high 
vs low rate heating, in that the high rate effects were 
more slow in developing (Figure 1). Both morphine 
and cu-CTX produced dose-dependent antinociceptive 
effects for both high and low rate responses (Figure 2), 
with ED50 values for high and low heating rates cal- 
culated as 2.10 nmoles (confidence level [CL] = 1.71- 
2.45) and 0.64 nmoles (CL = 0.57-0.71), respectively 
for morphine and 0.293 runoles (CL = 0.199-0.356) 
and 0.282 nmoles (CL = 0.114-1.465), respectively for 
o)-CYX. Thus, although morphine was somewhat 
more potent in attenuating C vs AS mediated nocicep- 
tion, co-CTX demonstrated a similar potency for both 
response types. No significant cardiovascular effects 
of either drug were observed. 

In addition to examining the antinociceptive prop- 
erties of a>-CTX injected alone, an additional purpose 
of this study was to investigate whether morphine 
doses needed to produce adequate analgesia could be 
reduced by concomitant appUcation of N-type Ca^"*" 
channel blockers. To this end, we have studied the 
antinociceptive effects of a combination of a small 
dose of a>-CTX with a small dose of morphine. IT 
injection of 1.0 nmole of morphine produces a weak 
antinociceptive effect on responses evoked by low, but 
not high, rate heating. Similarly, 0.5 runoles of £i>-CTX 
alone produces only a weak antinociceptive effect on 
responses to low or high rate skin heating. When 
coadmiiustered with 1.0 nmole of morphine however, 
0.5 nmoles of cj-CTX significantly (ANOVA; P < 0.05) 
and supraadditively potentiated morphine's antinoci- 
ceptive effect on responses to high rate skin heating 
(Figure 3). For low rate responses however, the com- 
bination of the two drugs was additive. 



Discussion 

The antinociceptive effects of IT application of N-type 
Ca channel blockers have been previously de- 
scribed. Calcium ion flux through N-type charmels is 
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Figure 1. Time course of behavioral antinociceptive effects of dif- 
ferent doses of intrathecal oj-conotoxin GVIA (a>-CTX) on responses 
to high rate (AS; filled symbols) or low rate (C; open symbolSs) skin 
heating. Downward pointing triangles = mean (across animals) foot 
withdrawal latency after the admiiustration of vehicle; Circles = 
resporwe after 0.1 nmole; Squares = response after 0.5 nmole; Up- 
ward pointing triangles = response after 0.7 nmole; Diamonds = 
response after 1.0 nmole o>-CTX. 
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Figure 2. Dose response lines for antinociceptive effects of intra- 
thecal application of oxonotoxin GVIA (a*-CTX) (filled symbols) 
and morphine (open symbols), for A-6 responses (circles; R = 0.89 
for <i>-CrX, R = 0.94 for morphine) and C fiber (squares; R = 0.88 for 
ci>-CTX, R = 0.91 for morphine) mediated responses. 

critical in evoking neurotransmitter release from pre- 
synaptic terminals of nociceptors (23,24). Thus, block- 
ing ttiese channels necessarily attenuates nociceptive 
transmission. Because the same mechanism applies to 
both AS and C fiber nociceptors (as well as non- 
nociceptive afferents), application of ct>-CTX should, 
and does, attenuate both A5 and C fiber thermonoci- 
ception v^ith similar potency. 

IT application of /A-opioids produce antinociception 
by two means: an increase in K"^ conductance and 
consequent hyperpolarization of postsynaptic dorsal 
horn neurons and a presynaptic reduction in Ca"*"^ 




A-delta C fiber 



Figure 3. Antinociceptive effects of intrathecal application of vehi- 
cle (solid black bars), 1.0 nmole morphine alone (cross-hatched 
bars), 0.5 nmole oxonotoxin GVIA (a>-CTX) alone (vertical stripes), 
or coadministration of 1.0 nmole morphine with 0.5 nmole ti>-CTX 
(horizontal lines). Asterisks indictate response latencies that are 
significantly elevated from baseline (aiialysis of variance, P < 0.05). 

entry through N-type channels (10). Thus, the under- 
lying means by wfdch both a>-CrX and morphine's 
binding to presynaptic opiate receptors act to produce 
antinociception is essentially the same. Because it is 
likely that C but not AS thermonociceptors possess 
/jt-opioid receptors on presynaptic terminals, the effect 
of morphine on C thermonociception occurs by two 
means, whereas effects on A8 nociception occurs only 
by increases in postsynaptic K"*" conductance. As the 
presynaptic effects on Ca"*"^ conductance likely occur 
at smaller opioid concentrations than the postsynaptic 
effects (11), the imiformity of mechanism with £t>-CTX 
accounts for the apparently additive antinociceptive 
effect that was observed for C fiber-mediated re- 
sponses when a combination of these two drugs was 
given. However, it is likely that AS nociceptors do not 
possess presynaptic /x-opioid receptors. Morphine's 
effects on AS mediated nociception are likely to occur 
postsynaptically, through an increase in K"^ conduc- 
tance. These effects become apparent at higher doses 
than the presynaptic effects on C fiber-mediated re- 
sponses (10,11). Thus, in the case of AS-mediated re- 
sponses, the combination of (o-CTX acting presynap- 
tically with the postsynaptic effect of morphine 
produces antinociception by two different, but com- 
plimentary mechanisms. Thus, morphine plus a>-CTX 
can produce a supraadditive antinociception, but only 
for AS-mediated responses. Consistent with this hy- 
pothesis, Omote et al. (19), demonstrated, isoboli- 
graphically, a pharmacologic synergy between mor- 
phine and o>-CTX on the tail flick test. Given the 
likelihood that the tail flick test, as most typically 
administered, is AS mediated (20), the results pre- 
sented here provide a clear indication that the synergy 
observed by Omote et al. is likely to occur for AS and 
not C fiber thermonociception. 

The results described here indicate that although 
the addition of a Ca"*"*" channel blocker to morphine 
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can facilitate C fiber antinociception, the effect on 
AS-mediated nociception is much more dramatic. The 
administration of a minimally effective dose of w-CTX 
with an essentially ineffective dose of morphine pro- 
duced an increase in latency to the maximum allowed 
(cutoff) for responses to high rate skin heating. This 
clear supraadditivity implies that the combination of 
these two drugs might be useful in attenuating those 
types of pain that are likely to be dominated by AS 
nociceptors, such as some kinds of postsurgical pain. 
Furthermore, the capacity of giving ttiese two drugs in 
such minimal doses should allow for optimal analge- 
sia while minimizing adverse side effects of both of 
these drugs. 
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[57] ABSTRACT 

A pharmaceutical composition includes an aqueous solution/ 
suspension of omeprazole or other substituted benzimida- 
zoles and derivatives thereof in a pharmaceutically accept- 
able carrier comprising a bicarbonate salt of a Group lA 
metal. A method for treating and/or preventing gastrointes- 
tinal conditions by administering to a patient a pharmaceu- 
tical composition including an aqueous solution/suspension 
of omeprazole or other substituted benzimidazoles and 
derivatives thereof in a pharmaceutically acceptable carrier 
including a bicarbonate sah of a Group I A metal wherein the 
administering step consists of a single dosage form without 
requiring further administering of the bicarbonate salt of the 
Group lA metal. A pharmaceutical composition for making 
a solution/suspension of omeprazole or other substituted 
benzimidazoles and derivatives thereof includes omeprazole 
or other substituted benzimidazoles and derivatives thereof 
and a bicarbonate salt of a Group lA metal in a form for 
convenient storage whereby when the composition is dis- 
solved in aqueous solution, the resulting solution is suitable 
for enteral administration. 

12 Claims, 1 Drawing Sheet 
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1 

OMEPRAZOLE SOLUTION AND METHOD 
FOR USING SAME 

This application is a continuation-in-part of U.S. Prov. 
App. Scr. No. 60/009,608 filed on Jan. 4, 1996. 

TECHNICAL HELD 

The present invention relates to a pharmaceutical prepa- 
ration containing a substituted benzimidazote. More 
particularly* the present invention relates to a substituted 
benzimidazole solution/suspension suitable for oral admin- 
istration. 

BACKGROUND OF THE INVENTION 

Omeprazole is a substituted benzimidazole, 5-metboxy- 
2-[(4-methoxy-3,5-dimethyl-2-pyridinyl) methyl] sulfinyl]- 
IH-benzimidazole, thai inhibits gastric add secretion. Ome- 
prazole belongs to a class of antisecretory compounds, the 
substituted benzimidazoles, that do not exhibit anti- 
cbolinexgic or Hj histamine antagonist properties. Drugs of 
this class suppress gastric acid secretion by the specific 
inhibition of tbe U*/K* ATPase enzyme system at the 
secretory surface of the gastric parietal cell. 

IVpicaUy, omeprazole in the form of a delayed-rclease 
capsule, is prescribed for short-term treatment of active 
duodenal ulcers, gastric ulcers, gastroesophageal reflux dis- 
ease (GERD), severe erosive esopbagitis, poorly responsive 
systematic GERD, and pathological hypersecretory condi- 
tions such as Zollinger Ellison syndrome. These conditions 
are caused by an imbalance between acid and pepsin 
production, called aggressive factors, and mucous, 
bicarbonate, and prostaglandin production, called defensive 
factors. 

These above*listed conditions commonly arise in healthy 
or criticaUy ill patients and may be accompanied by signifi- 
cant upper gastrointestinal bleeding. Hj antagonists, 
antacids, and sucralfate are commonly administered to mini- 
mize the pain and tbe complications related to these condi- 
tions. These drugs have certain disadvantages associated 
with their use. Some of these drugs are not completely 
effective in the treatment of tbe aforementioned conditions 
and/or produce adverse side effects, such as mental 
confusion, constipation, diarrhea, thrombocytopenia, 
(lowered platelet count) and/or are relatively costly modes 
of therapy as they require the use of automated infusion 
pumps for continuous intravenous delivery. 

Patients with significant physiologic stress are at risk for 
stress-related gastric mucosal damage and subsequent upper 
gastrointestinal bleeding (Marrone and Silen, 1984). Risk 
factors that have been clearly associated with the develop- 
ment of stress-related mucosa] damage are mechanical 
ventilation, coagulopathy, extensive bums, head injury, and 
organ Uansplant (2^nner et al., 1981; Larson et al., 1984; 
Czaja et al., 1974; Skilhnan et al.. 1969; and Cook et al, 
1994). One or more of these factors are often found in 
critically ill, intensive care unit patients. A recent cohort 
study challenges other risk factors previously identified such 
as acid-base disorders, multiple trauma, significant 
hypertension, major surgery, multiple operative proccdiircs, 
acute renal failure, sepsis, and coma (Cook et al., 1994). 
Regardless of tbe risk type, stress-related mucosal damage 
results in significant morbidity and mortality. Clinically 
significant bleeding occurs in at least twenty percent of 
patients with one or more risk factors who are lefi untreated 
(Martin et al.. 1993). Of those who bleed, approximately ten 
percent require surgery (usually gastrectomy) with a 
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reported mortality of thirty percent to fifty percent (Czaja et 
al., 1974; Peura and Johnson, 1985). Those who do not need 
surgery often require multiple transfusions and prolonged 
hospitalization. Prevention of stress-related upper gas- 
5 trointestinal bleeding is an important clinical goal. 

In addition to general supportive care, tbe use of drugs to 
prevent stress-related mucosal damage is considered by 
many to be tbe standard of care (AMA Drug Evaluations). 
However, general consensus is lacking about which drugs to 
10 use in this setting (Martin et al., 1993; Gafter et al., 1989; 
Martin et al., 1992). In two recent meta-analyses (Cook et 
al., 1991; Tryba, 1994), antacids, sucralfate, and 
H2-ani agonists were all found to be superior to placebo and 
similar to one another in preventing upper gastrointestinal 
IS bleeding. Yet, prophylactic agents are withdrawn in fifteen 
to twenty percent of patients in which they are employed 
because of failure to prevent bleeding, or control pH (Ostro 
et ah, 1985; Sieplcr, 1986; Ballesieros et al., 1990), or 
because of adverse effects (Gafter et al., 1989; Sax, 1987; 
20 \^al et al., 1991; Canm and Korek, 1991; Spychal and 
Wickham, 1985). In addition, the characteristics of an ideal 
agent for the prophylaxis of stress gastritis and concluded 
that none of the agents currently in use fulfill their criteria 
(Smythc and Zarowitz, 1994). 
25 Omeprazole reduces gastric add production by irrevers- 
ibly inhibiting the H+/K+ ATPase of the parietal cell— ihe 
final common pathway for gastric add secretion (Fellenius 
et al., 1981; WaUmark et al., 1985; Frylund et al., 1988). 
Because this drug maintains gastric pH cpntrol throughout 
30 the dosing interval and has a very good safety profile, it is 
a logical choice for stress ulcer prophylaxis. The absence of 
an intravenous or oral liquid dosage form in the United 
States, however, has limited tbe testing and use of omepra- 
zole in the critical care patient population. Subsequently, 
35 Barie et al (Barie and Hariri, 1992) described the use of 
omeprazole enteric-coated pellets administered through a 
nasogastric tube to control gastrointestinal hemorrhage in a 
critical care patient with multi-organ failure. 
Stress ulcer prophylaxis has become routine therapy in 
40 intensive care units in most hospitals (Fabian et al, 1993.; 
Cook et al., 1991). Controversy remains regarding pharma- 
cologic intervention to prevent stress-related bleeding in 
critical care patients. It has been suggested that the inddence 
and risk of gastrointestinal bleeding has decreased in tbe last 
45 ten years and drug therapy may no longer be needed (Cook 
el al., 1994; Tryba, 1994; Schepp, 1993). This reasoning is 
not supported by a recent placebo-controlled study. Martin 
et al. conducted a protective, randomized, double-blind, 
placebo -control led comparison of continuous-infusion 
50 cimetidine and placebo for the prophylaxis of stress-related 
mucosal damage (Marten et al., 1993). The smdy was 
terminated early because of excessive bleeding-related mor- 
tahty in the placebo group. It appears that the namral course 
of stress-related mucosal damage in a patient at risk who 
55 receives no prophylaxis remains significant. In the placebo 
group, thirty-three percent of patients developed clinically 
significant bleeding, nine percent required transfusion, and 
six percent died due to bleeding-related conoplications. In 
comparison, fourteen percent of dmetidine-ueated patients 
60 developed clinically significant bleeding, six percent 
required transfusions, and 1.5% died due to bleeding-related 
complication; the difference in bleeding rates between treat- 
ment groups was statistically significant. This study clearly 
demonstrated that continuous- infusion dmetidine reduced 
65 morbidity in critical care patients. Although, these data were 
used to support the approval of continuous-infusion cime- 
tidine by the Food and Drug Administration for stress ulcer 
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prophylaxis, H2-aDtagoiiists fall short of being the optimal for oomplicatioDS related to stress-related mucosal damage, 

pbarmacotherapculic agents for preventing of stress-related However, in its current form (capsules containing an enteric- 

mucosal bleeding. coated granule formulation of omeprazole), omeprazole can 

Another controversy surrounding stress ulcer prophylaxis be diflBcult or impossible to administer to patients who are 

is which drug to use. In addition to the various 5 unable (critically ill patients, children, elderly, patients suf- 

H^-antagonists, antacids and sucralfate arc other treatment fenng from dysphagia) or patients who are either unwilling 

options for the prophylaxis of stress-related mucosal dam- or unable to swallow tablets or capsules. Therefore, it would 

age. An ideal drug in this setimg should possess the follow- ^ desirable to formulate an omeprazole solution which can 

ing characteristics: prevent stress ulcers and their ^ ^^,,,31, ^^^^^ ^ ^ ^^^^ ^^^^ providing the 

comphcatioiB, be devoid of miciiy lack drug interactions. benefits of omeprazole withouTthe drawbadcs of the cirent 

be selective, have mmimal assoaated costs (such as person- cansulc dose fo 

ncl lime and materials), and be easy to administer (Smythe ™' 

and Zarowitz, 1994). Omeprazole has been formulated in many different 

Some have suggested that sucralfate is possibly the ideal embodiments such as in a mixture of polyethylene glycols 

agent for su-ess ulcer prophylaxis (Smythe and Zarowitz, formed a mixture of adcps solidus and sodium lauryl sulfate 

1994). Randomized, controDed snidies support the use of ^ soluble, basic amino add to yield a formulation 

sucralfate (Borrero el al., 1986; Tryba, 1987; CiofiB et al., designed for administration in the recnim as shown in VS. 

1994; Driks el al., 1987), but data on critical care patients Pal- No. 5,219,870 to Kim. US. Pat No. 5^95,323 to 

with head injury, trauma, or bums are limited. In addition, a Berghind ('323) discloses a device for mixing a pharma- 

recent study comparing sucralfate and cimetidine plus ant- ceutical from a solid supply into a parenterally acceptable 

adds for stress ulcer prophylaxis reported clinically signifi- 20 liquid form for parenteral adminisu-ation to a patient The 

cant bleeding in three of forty-eight (6%) sucralfate-treated '323 patent teaches the use of an omeprazole tablet which is 

patients, one of whom required a gastrectomy (CiofiS et al., placed in the device and dissolved by normal saline, and 

1994). In the study performed by Driks and coworkers that infused into the patient. This device and method of infusing 

compared sucralfate to conventional therapy (Hj- omeprazole does not provide the omeprazole sohition as an 

antagonists, antacids, or Hj-antagonists plus antadds), the 25 enteral product nor is this omeprazole solution dirccUy 

only patient whose death was attributed to stress-related administered to the diseased or affected areas, namely the 

rDSL^?TT98rf ^ '™ ^^^"""^^ "PP^' gastrointestinal tract, nor does this ome- 

^ „ ^ *' . - ^ . r , prazole formulation provide the immediate anti-add effect 

H^-anlagonists fdfill many of the criteria for an ideal ^^e present formulation, 

stress ulcer prophylaxis drug. Yet, cbmcally significant 30 

bleeds can occur during H.-antagonist prophylaxis (Martin 4.786,505 to Lovgren et al., discloses a 

et al., 1993; Cook et al., 1991; Schuman et al., 1987) and pharmaceutical preparaUon contammg omeprazole together 

adverse events are not uncommon in the critical care popu- '^^^^'S compound or an alkaline salt of 

lation (Gafter el al., 1989; Sax. 1987, Vial et al., 1991; Cantu omeprazole opUonally together with an alkaline compound 

and Korek, 1991; Spychal and Wickham. 1985). One reason 35 ^ ^ * ^^^^^^ formulation. The use of the 

proposed for the therapeutic Hj-antagonist failures is lade of ^^^^^^ material, which can be chosen from such subsUnccs 

pH control throughout the treatment period (Ostro et al., ^ carbonic add. are used to form a 

1985). Although the precise pathophysiologic mechanism(s) "m>cro-pH" around each omeprazole particle to protect the 

involved in stress ulceration arc nol clearly esiablished, the omeprazole which is highly sensitive to acid pH. The 

high concentration of hydrogen ions in the mucosa (Fiddian- 40 ^"^"^^^ ^'^"""^ ^^^"^ formulated to smaD beads, pellets. 

Green ci al.. 1987) or gastric fluid in contact with mucosal ^""^^^^ ^ capsules by conventional 

cdls appears to be an important factor. A gastric pH >3.5 has Pharmaceutical procedures. 

been associated with a lower incidence of stress-related formulation of omeprazole does not provide an 

mucosal damage and bleeding (Larson et al., 1984; Skillman omeprazole dose form which can be enteraUy administered 

el al., 1969; Skillman et al., 1970; Pricbc and Skillman, 45 to a patient who may be unable and/or unwilling to swallow 

1 981). Several studies have shown that Hj-antagonists, even capsules or pellets nor does it teach a convenient form which 

in maximal doses, do no: reliably or continuously increase ^ ^ised to make an omeprazole solution, 

intragastric pH above commonly targeted levels (3.5 to 4.5). Several buffered omeprazole solutions have been dis- 

This is true espedally when used in fixed-dose bolus regi- closed. Andersson et al., 1993; Landahl et al., 1992; Ander- 

mcns (Ostro, 1985; Sicpler, 1986; Ballesicros et al., 1990). 50 sson et al., 1990; Regardh et al., 1990; Andersson et al.. 

In addition, gastric pH levels tend to trend downward with 1990; Pilbrant et al., 1985. 

time when using a continuous-infusion of Hs-antagonists, All of the buffered omeprazole solutions described in 

which may be the result of tachyphylaxis (Ostro et al.. 1985; these references were administered orally and were given to 

Wflder-Smitb and Merki, 1992). healthy subjects who were able to ingest the oral dose. In all 

Because stress ulcer prophylaxis is frequently employed 55 of these studies, omeprazole was suspended in a solution 

in the iotensive care unit, it is essential from both a clinical including sodium bicarbonate, as a pH buffer, in order to 

and economic standpoint to optimize the pharmacotherapeu- protect the acid sensitive omeprazole during administration, 

tic approach. In an attempt to identify optimal therapy, cost In all of these studies, repeated administration of sodium 

of care becomes an issue. All treatment costs should be bicarbonate both prior to. during, and following omeprazole 

considered, including the costs of treatment failures and 60 administration were required in order to prevent add deg- 

drug-related adverse events. While the actual number of radation of the omeprazole given via the oral route of 

failures resulting in mortality is low, morbidity (e.g., bleed- administration. As a result, the ingestion of the large 

ing that requires blood transfusion) can be high, even though amounts of sodium bicarbonate and large volumes of water 

its association with the failure of a specific drug is often were required. In the above-cited studies, as much as 48 

unrecognized. 65 mmoles of sodium bicarbonate in 300 ml of water must be 

Omeprazole represents an advantageous alternative to the ingested for a single dose of omeprazole to be orally 

use of H2 antagonists, antacids, and sucralfate as a treatment administered. 
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Initial reports of increased frequency of pneumonia io (1985) reference, the oral omeprazole administration proto- 

patients receiving stress ulcer prophylaxis with agents that col calls for administering to a subject who has been fasting 

raise gastric pH has influenced the pharmaootherapeutic for at least ten hours, a sohitioo of 8 mmoles of sodium 

approach to management of critical care patients. However, bicarbonate in 50 ml of water. Five minutes later, the subject 

several recent studies (Simms et al., 1991; Pickworth et al., 5 ingests a suspension of 60 mg of omeprazole in 50 ml of 

1993; Ryan et al., 1993; Fabian el al., 1993), a meta-analysis ^^^r which also contains 8 mmoles of sodium bicarbonate. 

(Cook et al., 1991), and a closer examination of the studies is rinsed down with another 50 ml of 8 mmoles sodium 

that initiated the elevated pH-associated pneumonia hypoth- bicarbonate solution. Ten minutes after the ingestion of the 

eses (Schepp, 1993) cast doubt on a causal relationship. The omeprazole dose, the subject ingests 50 ml of bicarbonate 

relationship between pneumonia and antacid therapy is lo soluiion (8 mmoles). Hiis is repeated at twenty minutes and 

much stronger than for Hj-antagonists. The shared effect of ^^^^ ""^^^^^ P°*^ omeprazole dosing to yield a total of 48 

antacids and Hj-antagonists on gastric pH seems an inc- mmoles of sodium bicarbonate and 300 ml of water in total 

sisdble common cause explanation for nosocomial pneumo- "^^^^^ ®^ ingested by the subject for a single omeprazole 
nia observed during stress ulcer prophylaxis. However, there 

are important differences between these agents that arc not i5 Not only does this regimen require the ingestion of 

often emphasized (Laggner et ah, 1989). When antacids are excessive amounts of bicaibonaie and water, it is unlikely 

exchisivcly used to control pH in the prophylaxis of stress- * healthy patient would comply with this regimen for 

related upper gastrointestinal bleeding, large volumes are ^^^h dose of omeprazole over the course of a prescribed 

needed. M>lume. with or without subsequent reflux, may be omeprazole protocol. It is unlikely or even improbable that 

the underlying mechanism(s) promoting the development of 20 » critically ill patient would be able to comply with this 

pneumonia in susceptible patient populations rather than the regimen. 

increased gastric pH. The rate of pneumonia in our study ^ven in healthy patients, the complexity of the drug 

(12%) was not unexpected in this critical care population regimen leads to the conclusion that patients would be 

and compares with sucralfate, which docs not significanGy unlikely to comply with this regimen thereby leading to a 

raise gastric pH (Pickworth et al., 1993; Ryan et al., 1993). 25 l^^k of beneficial outcome for the patient. It is well docu- 

The buffered omeprazole solutions of the above cited mcnted that patients who are required to follow complex 

prior art require large amounts of sodium bicarbonate to be schedules for drug adminKtration are non-compliant and, 

given by repealed administration. This is necessary to pre- omeprazole solutions of the 

vent add degradation of the omeprazole. The administration Pnor art would be expected to be reduced due to non- 

oflarge amounts ofsodium bicarbonate can produce at least 30 comphance. Comphanoe has been found to be markedly 

four significant adverse effects whidi can dramatically reduced when patients are required to deviate from a sched- 

reduce the eflScacy of the omeprazole in patients and reduce <^^^^y corning and night) doses of a 

the overall health of the patients. In the above^ited smdies, medicauon per day. The use of the prior art buffered ome- 

basicaUy healthy volunteers rather than sick patients were P'^^*^ solutions which require administration protocols 

given only one or two dosages of omeprazole utilizing 35 with numerous steps, different dnigs (sodium bicarbonale+ 

proposing and post-dosing with large volumes of sodium omeprazole+PEG400 versus sodium bicarbonate alone), and 

bicarbonate. Tliis dosing protocol would not be suitable for *P^^^^ allotments between each stage of the total 

sick or criticaUy ill patients who must receive multiple doses omeprazole regimen m order to achieve eflBcacious results is 

of omeprazole. clearly in contrast with both current drug compliance theo- 

. ,• J • t_ L 40 rics and human nature. 

Since bicarbonate is usually neutralized m the stomach or ™. .^..^ 1 ^ 

is absorbed, such that belching results, patients with gas- ^ P"°^ ^^^^ leaches that the 

troesophageal reflux may exacerbate or worsen their gas- omeprazole su^nsion can be stored at refrigerator 

troesophageal reflux disease as the belching can cause ^^^V^^^^J^^ ^or a week and deep frozen for a year whtie 

upward movement of stomach acid (Brunton, 1990). ™J"°»«°/°g ^9% of their mitia potency It wodd be 

„. ., , ^ . ' 45 desirable to have an omeprazole solution which could be 

Patients with condiuons, «ich as hyperiensioD or heart 3, temperature or in a refrigerator for periods of 

failure are standardly advised to avoid the intake of exces- ^^^^ ^^^^ ^bose of the prior art while still main- 

sive sodium as this can cause a^avation or exacerbation of gg^ .^j^.^, potency Additionally, it would be 

thcu hypertensive conditions (Brunton. 1990). advantageous to have a form of the omeprazole and bicar- 

Additionally, patients with nunaerous conditions which 50 bonatc which can be utilized to instantly make the omepra- 

typically accompany critical iUness should avoid the intake ^ole solution/suspension of the present invention which is 

of excessive sodium bicarbonate as it can cause metabolic supplied in a solid form which imparts the advantages of 

alkalosis which can result in a serious worsening of the improved shelf-life at room temperature, lower cost to 

patient's condition. Furthermore, excessive antacid intake produce, less expensive shipping costs, and which is less 

(such as sodium bicarbonate) can result in drug interactions expensive to store 

which produce serious adverse effects. For example, by ' ^ ^o^jd, therefore, be desirable to have an omeprazole 

altering gastric and unnary pH, antacids can alter rates of formulation which provides a cost effective means for the 

drug dissolution and ateorpiion. bioavailabibty, and renal treatment of the aforementioned conditions without the 

ehminatioD (Brunton, 1990). adverse effect profile of H. receptor antagonist, antacids. 

Since buffered omeprazole solution reqmres prolonged 60 and sucralfate. Further, it would be desirable to have an 

adnainisiration of the antacid, sodium bicarbonate, it makes omeprazole formulation which is convenient to prepare and 

it difiBcult for patients to comply with the above recommen- administer to patients unable ingest capsules, which is 

^aiion. rapidly absorbed, can be cntcrally delivered directly to the 

In addition to the disadvantages associated with excessive desired treatment region, which does not clog indwelling 

intake of sodium bicarbonate, the above-cited prior art 65 nibes, such as nasogasuic tubes or other similar tubes, and 

teaches a relatively complex regimen for the oral adminis- which acts as an antacid immediately upon delivery, 

tration of omeprazole. For example, in the Pilbrant et al. Furthermore, it would be desirable to have a pharmaceutical 
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compositioD which is highly efficacious for the treatment of 
the aforementioDed oonditioDS. 

The present invention provides a solution/suspension of 
omeprazole, lansoprazole or other suitable benzimidazoles 
which is suitable for enteral administration which includes 
all of the aforementioned advantages. 

SUMMARY OF THE INVENTION AND 
ADVANTAGES 

In accordance with the present invention, there is pro- 
vided a pharmaceutical composition including an aqueous 
solution/suspension of omeprazole or other substituted ben- 
zimidazoles and derivatives thereof in a pharmaceuticaDy 
acceptable carrier including a bicarbonate salt of a Group lA 
metal. 

The present invention further provides a method for 
treating and/or preventing gastrointestinal conditions by 
administering to a patient a pharmaceutical composition 
including an aqueous solution/suspension of omeprazole 
and derivatives thereof in a pharmaceutically acceptable 
carrier comprising a bicarbonate salt of a Group lA metal 
wherein the administration step consists of a single dosage 
without requiring further administration of the bicarbonate 
salt of the Group lA metal. 

The present invention further provides a phannaceutical 
composition for use making a solution/suspension of ome* 
prazole or other substituted benzimidazoles and derivatives 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention wiD be readily 
appreciated as the same becomes better understood by 
reference to the foUowing detailed description when con- 
sidered in connection with the accompanying drawing 
wherein: 

FIG. 1 is a graph showing the effect of the omeprazole 
solution/suspension of the present invention on gastric pH in 
patients at risk for upper gastrointestinal bleeding from 
stress- related mucosal damage; 

FIG. 2 is a flow chart iUustrating a patient enroUment 
scheme; and 

FIG. 3 is a bar graph illustrating gastric pH both pre- and 
post- administration of omeprazole solution/suspension 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A pharmaceutical composition which can include an 
aqueous solution/suspension of omeprazole or other substi- 
tuted benzimidazoles such as lansoprazole, and derivatives 
thereof in a pharmaceutically acceptable carrier including a 
bicarbonate salt of a Group I A metal is disclosed. For the 
purposes of description, ihc composition includes both solu- 
tions and/or suspensions of the omeprazole or other substi- 
tuted benzimidazoles. Hereinafter, the use of the term ''solu- 
tion'* includes solutions and/or suspensions of the 
substituted benzimidazoles. 

The pharmaceutical composition of the present invention 
is prepared by mixing omeprazole (Merck & Co. Inc., West 
Point, Pa.) or other substituted benzimidazoles and deriva- 
tives thereof with a solution including a bicarbonate salt of 
a Group lA metal. Preferably, omeprazole powder or 
granules, which can be obtained from a capsule, are mixed 65 
with a sodium bicarbonate solution to achieve a desired final 
omeprazole concentration. The concentration of omeprazole 
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in the solution/suspension can range from approximately 0.5 
mg/ml to approximately 6.0 mg/ml. The preferred concen- 
tration for the omeprazole in the sohition^u^nsion ranges 
from approximately 1.0 mg/ml to approximately 4.0 mg/ml 
with 2 mg/ml being the standard concentration. 

The pharmaceutically effective carrier includes the bicar- 
bonate salt of the Group lA metal and can be prepared by 
mixing the bicarbonate salt of the Group I A metal, prefer- 
ably sodium bicarbonate, with water. The concentration of 
the bicarbonate salt of the Group lA metal in the composi- 
tion generally ranges from approximately 5.0 percent to 
approximately 60.0 percent. Preferably, the concentration of 
the bicarbonate salt of the Group lA metal ranges from 
approximately 7.5 percent to approximately 10.0 percent. In 
a preferred embodiment of the present invention, sodium 
bicarbonate is the preferred salt of the Group lA metal and 
is present in a concentration of approximately 8.4 percent. 

In a preferred embodiment of the present invention, 
enterically-coated omeprazole particles are obtained from 
delayed release capsules (Astra Merck) additionally ome- 
prazole powder can be used. The coated omeprazole par- 
ticles are mixed with a sodium bicarbonate (NaHCOg) 
solution which dissolves the enteric coating and forms an 
omeprazole solution/suspension in accordance with the 
present invention. It is important to emphasize that the 
enteric coated pellets of omeprazole must be allowed to 
completely breakdown in the suspension vehicle or carrier 
prior to administration. Tbe omeprazole solution/suspension 
has significant pharmacokinetic advantages over standard 
time-release omeprazole capsules including: a decreased 
drug absorbance time (-10 to 12 minutes) following admin- 
istration for the omeprazole solution versus (-2^3 hours) 
following administration for the enteric coated pellets; the 
NaHCOj solution protects the omeprazole from acid deg- 
radation prior to absorption; the NaHCOj acts as an antacid 
whDe the omeprazole is being absorbed; and the solution/ 
suspension can be administered through an existing indwell- 
ing tube without clogging, for example, nasogastric or other 
feeding tubes (jejunal or duodenal) including small bore 
needle catheter feeding tubes. 

As stated above, suitable derivatives of omeprazole can 
be substituted for the omeprazole or other suitable substi- 
mted benzimidazoles without departing from the spirit of the 
present invention. These derivatives can include, but are not 
limited to, lansoprozole. 

The pharmaceutical composition including tbe omepra- 
zole and derivatives thereof in a pharmaceutically accept- 
able carrier of a bicarbonate salt of Group lA meul can be 
used for the ireaiment of gastrointestinal conditions 
including, but not limited to, active duodenal ulcers, gastric 
ulcers, gastroesophageal reflux disease (GERD), severe ero- 
sive esophagitis, poorly responsive systematic GERD, and 
pathological hypersecretory conditions such as Zollinger 
Ellison Syndrome. These conditions are caused by imbal- 
ances between acid and pepsin production, called aggressive 
factors, and mucous, bicarbonate, and prostaglandin 
production, called defensive factors. Treatment of these 
conditions is accomplished by administering to a patient an 
effective amount of tbe pharmaceutical composition accord- 
ing to the present invention. 

The omeprazole solution/suspension is administered and 
dosed in accordance with good medical practice, taking into 
account tbe clinical coixlition of the individual patient, the 
sight and method of administration, scheduling of 
administration, and other factors known to medical practi- 
tioners. Tbe '"effective amount" for purposes herein thus 
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detennine by such considerations as are known in the art. tion is administered in a single dose which does not require 

The amount must be effective to achieve improvement, any further administration of bicarbonate following the 

including but not limited to, raising of gastric pH, reduced administration of the omeprazole sohition. That is, unlike 

gastrointestinal bleeding, reduction in the need for blood the prior art omeprazole solutions and administration pro- 
Uansfusion, improved survival rate, more rapid recovery, or s tocols outlined above, the formulation of the present inven- 

improvement or elimination of systems and other indicators tion is given in a single dose which does not require 

as are selected as appropriate measures by those skilled in administration of bicarbonate either before administration of 

the art. the omeprazole or after administration of the omeprazole. 

The dosage range of omeprazole or other substituted The present invention eliminates the need to pre- or post- 

benzimidazoles and derivatives thereof can range from dose with additional volumes of water and sodium bicar- 

approximately 2 mg/day to approximately 100 mg/day. The bonate. The amount of bicarbonate administered via the 

standard daily dosage is typically 20 mg omeprazole in 10 single dose administration of the present invention is less 

ml of solution. than the amount of bicarbonate administered as taught in the 

In the method of the present invention, the omeprazole P^^^ references cited above, 

solution/suspension can be administered in various ways. It The amount of sodium bicarbonate used in the solution/ 

should be noted that the omeprazole solution/suspension can suspension of the present invention is approximately 1 meq 

be administered as the compound or as the pharmaceuticaDy (or mmole) sodium bicarbonate per 2 mg omeprazole, with 

acceptable salt and can be administered alone or in combi- a range of approximately 0.75 meq (mmole) to 15 meq 

nation with pbarmaoeutically acceptable carriers. The com- (mmole) per 2 mg of omeprazole. 

potmds can be administered orally or enterally. The formu- The present invention further includes a pharmaceutical 

lations can be made more palatable by adding flavorings composition for making a solution/suspension of omcpra- 

such as chocolate, root beer, and others. zole or other substituted benzimidazoles and derivatives 

Additionally, various additives including ambicin which thereof, which consists essentially of omeprazole or other 

enhance the stability, sterility, and isotonicity of the com- substituted benzimidazoles and derivatives thereof and a 
positions. Additionally, antimicrobial preservatives, ^ bicarbonate salt of a Group lA metal in a form convenient 

antioxidants, chelating agents, and buffers can be added. for storage, whereby when the composition is placed into a 

However, microbiological evidence shows that this formu- aqueous solution, the composition dissolves yielding a 

lation inherently possesses anti-microbial activity. Preven- solution/suspension suitable for enteral administration to a 

tion of the action of microorganisms can be enhanced by subject. The pharmaceutical composition is in a solid form 

various antibacterial and anufungal agents, for example, prior to dissohi tion in the aqueous solution. The omeprazole 

parabens, chlorobutanol, phenol, sorbic add, and the like. or other substituted benzimidazoles and derivatives thereof 

In many cases, it would be desirable to inchide isotonic bicarbonate can be formed into a tablet, capsules, or 

agents, for example, sugars, sodium chloride, and the like. granules, by methods well known to those skilled in the an. 

AdditionaUy, thickening agents, such as methyl cellulose, in The pharmaceutical composition suitable for making a 

order to reduce settling the omeprazole or derivatives solution/suspension according to the present invention can 

thereof from the suspension. further include an effervescing agent to aid in the dissolution 

The formulations of the present invention can be manu- ^« pharmaceutical composition in the aqueous solution, 

facmred in a concentrated form, such as an effervescent *he present invention the effervescing agent is sodium 
tablet, so that upon reaction with water, the aqueous form of ^ bicarbonate. 

the present invention would be produced for oral or enteral The resultant omeprazole solution is stable at room tem- 

administration. perature for several weeks and inhibits the growth of bac- 

Additionally, the present invention can be manufactured icna or fungi as shown in Example IV below. By providing 

by utilizing micronized omeprazole in place of the omepra- ^ pharmaceutical composition including the omeprazole or 
zole granules or omeprazole powder in place of omeprazole 45 other substimied benzimidazole and derivatives thereof with 

granules. This process is known as micronization and is bicarbonate in a solid form, which is dissolved in a prc- 

utilized in order to produce a panicle having a greater scribed amount of aqueous solution to yield the desired 

diameter. Micronization is the process by which solid drug concentration of omeprazole aixl bicarbonate, the cost of 

particles are reduced in size. Since the dissolution rate is production, shipping, and storage arc greatly reduced as no 
directly proportional to the surface area of the solid, and 50 liquids are shipped (reducing weight and cost) and there is 

reducing the particle size increases the surface area, reduc- do need to refrigerate the solid form of the composition or 

ing the particle size increases the dissolution rate. ^^c solution. The resultant solution, can be formulated and 

Although micronization results in increased surface area <o provide dosages for a single patient over a 

causing particle aggregation, which can negate the benefit of course of time or for several patients, 
micronization and is an expensive manufacturing step, it 55 The following experimental data illustrate the utility of 

does have the significant benefit of increasing the dissolution the pharmaceutical composition of the present invention, 

rate of relatively water insoluble drugs, such as omeprazole. METHODS 

A pharmacological formulation of the omeprazole 

solution/suspension utilized in the present invention can be EXAMPLE I 
administered orally to the patient. A pharmacological for- 60 Patients were evaluable if they met the following criteria: 

mulation of the omeprazole solution/suspension utilized in had two or more risk factors for SRMD (mechanical 

the present invention is preferably administered enterally. ventilation, bead injury, severe bum, sepsis, multiple 

This can be accomplished, for example, by administering the trauma, adult respiratory distress syndrome, major surgery, 

solution/suspension via a nasogastric uibe or other indwell* acute renal failure, multiple operative procedures, 
ing tubes. In order to avoid the critical disadvantages asso- 65 coagulatherapy, significant hypotension, acid-base disorder, 

ciated with administering large amounts of sodium and hepatic failure), gastric pH of ^4 prior to study entry, 

bicarbonate, the omeprazole solution of the present inven- and no concomitant prophylaxis for SRMD. 





5,840,737 

11 12 

Nasogastric (ng) tubes were placed in the patients and ao the pH recorded, this was called the "pre-omeprazole 

omeprazole dosage protocol of 40 mg omeprazole solution/ solution/suspension measurement". [2] Secondly, the tcrmi- 

suspensioD followed by 40 mg omeprazole solution/ nal portion (Ip) of each of the nasogastric tubes was removed 

suspension in eight hours, then 20 mg omeprazole solution/ from the beal^r of gastric fluid and placed into an empty 
suspension per day, for five days. After each omeprazole 5 besLkcr Twenty (20) mg of omeprazole solution/suspension 

solution/suspension administration, nasogastric suction was delivered through each of the nasogastric tubes and 

turned off for thirty minutes. flushed with 10 ml of up water. The tcnninal portion (tp) of 

Results ^^^^ nasogastric tubes was placed back into the gastric 

Eleven patients were evaluable. All patients were fluid. After a one hour incubation, a 5 ml aliquot of gastric 

mechanically ventilated. Two hours after the initial dose of lo aspirated through each nasogastric mbe and the pH 

omeprazole solution/suspension 40 mg omeprazole, all '^f^^f^.'^^^"' """^l 

patients had an increase in gastric pH to greater than eight ^ ' ^ ^ / an addiUonal hour bad passed, thesea)nd 

1- • tn^ IT r 1 . • ■ ^ Step was repeated, this was called the "after 2nd ND dose 

as shown m no. 1 Ten of the eleven parents mamtamtd sOS measurement". In addition to the pre-SOS 

gaslnc pH of greater than or equal to four on 20 mg measurement, the pH of the gastric fluid was checked in 
omeprazo e so utjon^nsion. One patient required 40 mg js ,,ipiicate after steps [2] and [3]. A change in the pH 

omeprazole soluUon/suspension per day (dosed bead mjury, measurements of *0.3 units was considered significant. Tht 

five total risk factors for SRMD). Two pauents were Friedman test was used to compare the resulS^The Fried- 

cbanpd to omeprazole solution/suspension after having m^n test is a two way analysis of variance which is used 

developed chmcaUy significant upper gastrointestinal bleed- ^^.^ jhan two related samples are of interest, as in 
mg while receivmg convenuonal intravenous Hj antago- 20 repeated measurements, 

nists. Bleeding subsided in both cases after twenty-four Results 

hours. Qinically significant upper gastrointestinal bleeding -^^ results of this experiments are ouUined in Table 1. 

did not occur m the oth« nme patients. Overall mortality j^bk 1 illustrates tbe lesults of the pH measuiements that 

was 27%. morub^ auribuuble to upper gastrointestinal ^ere taken during the course of the experiment. TTiese 
bleeding was 0%. Pneuinoma developed m one patient after 25 rtsrAts fllustrate that there were no sutistically significanUy 

initiating omeprazole therapy and was present upon the latent effects of omeprazole solution/suspension ^nistra- 

mitiation of omeprMole therapy in another patient. He (j^^ „asogashic mbe) on the accuracy of subsequent pH 

mean length of prophylaxis was five days. measuiements obtained through the same nasogastiic tube. 

Apbarmacoeconomic analysis revealed a difference m the 

total cost of care for tbe prophylaxis of SRMD: 30 EXAMPLE III 

ranitidine (Zantac®) continuous infusion intravenously Experiments were performed in order to determine the 

(150 mg/24 hours)xfive days $125.50; eflScacy, safety, and cost of simplified omeprazole suspen- 

cimctidine (Tagamet®) continuous inftision intravenously ^ mechanically ventilated critically ill patients who 

(900 mg/24 hours)xfive days $109.61; additional risk factor for stress-related 

sucralfate one gm slurry four times a day per (ng) tubex w"!i?^j damage, 
five days $73.0a and 

SOS regimen per (ng) tubexfive days $65.70. Scvcnty-five adult, mechanicaUy ventilated patients with 

Conclusion - . at least one additional risk factor for stress-related mucosal 

This example illustrates the eflScacy of the simplified 40 damage. Interventions: Patients received 20 ml omeprazole 
omeprazole soluuon of the present invention based on the suspension (containing 40 mg of omeprazole) initiaUy. fol- 
mcrcasc m gastric pH, safety and cost/convenience of the lowed by a second 20 ml dose six-eighl hours later, then 10 
omeprazole soluuon/suspcnsion as a method for SRMD mi (20 mg) daily. Omeprazole solution/suspension accord- 
prophylaxis. jQ (jjg present invention was administered through a 
EXAMPLE II nasogastric tube, followed by 5-10 ml of up water. The 

nasogastric tube was clamped for one-two houis after each 

Experiments were carried out in order to deterasine the administration, 

effect of tbe omeprazole solution/suspension (omeprazole/ Measurements and Main Results 

sodium bicarbonate solution) administration on the accuracy The primary outcome measure was clinically significant 
on subsequent pH measurements through a nasogastric tube, so gastrointestinal bleeding determined by endoscopic 
Methods evaluation, nasogastric aspirate examination, or heme- 
The omeprazole solution/suspension was prepared by positive coffee ground material that did not clear with lavage 
mixing 10 ml of 8.4% sodium bicart>onate with the contents and was associated with a five percent decrease in hemat- 
of a 20 mg capsule of omeprazole (Merck & Co. Inc., West ocrii. Secondary cfiScacy measures were gastric pH mea- 
Point, Pa.) to yield a solution/suspension having a final 55 surcd four hours after omeprazole was first administered, 
omeprazole concentration of 2 mg/ml. After mixing the mean gastric pH after omeprazole was started, and the 
omeprazole solution/su^nsion, it was administered into lowest gastric pH during omeprazole therapy. Safely-related 
the stomach, usually, through a nasogastric (ng) tube. Naso- outcomes included the incidence of adverse events and the 
gastric tubes fi-om nine different institutions were gathered incidence of pneumonia. No patient experienced clinically 
for an evaluation 400 mg omeprazole solution/suspension 60 significant upper gastrointestinal bleeding after receiving 
was prepared as described above. Artificial gastric fluid (gf) omeprazole suspension. The four-hour post omeprazole gas- 
was prepared according to the USP. pH recordings were trie pH was 7.1 (mean), the mean gastric pH after starting 
made in triplicate using a Microcomputer Portable pH meter omeprazole was 6.8 (mean) and the lowest pH after starting 
model 6007 (Jcnco Electronics Ltd., Taipai, Taiwan). [1] omeprazole was 5.6 (mean). The incidence of pneumonia 
First the terminal portion (tp) of the nasogastric lubes was 65 was rwelve percent. No patient in this high-risk population 
placed into a glass beaker containing the gastric fluid. A 5 ml experienced an adverse event or a drug interaction that was 
aliquot of gastric fluid was aspirated through each lube and attributable lo omeprazole. 




5,840, 



ConchisioDS 

Omeprazole suspension prevented clinically significant 
upper gastrointestinal bleeding and maintained gastric pH 
above 53 in mechanically ventilated critical care patients 
without producing toxicity. 5 
Materials and Methods 

The study protocol was approved by the Instimtional 
Review Board for the University of Missouri at Columbia. 
Study Population 

All adult (>18 years old) patients admitted to the surgical 30 
intensive care and bum unit at the University of Missouri 
Hospital with an intact stomach, a nasogastric tube in place, 
and an anticipated intensive care unit stay of at least forty- 
eight hours were considered for inclusion in the study. To be 
included patients also bad to have a gastric pH of <4, had to 15 
be mechanicaUy ventilated and have one of the following 
additional risk factors for a niinimum of twenty-four hours 
after initiation of omeprazole sus^nsion: head injury with 
altered level of consciousness, extensive bums (>20% Body 
Surface Area), acute renal failure, acid-base disorder, mul- 20 
tiple trauma, coagulopathy, multiple operative procedures, 
coma, hypotension for longer than one hour or sepsis (sec 
Table 2). Sepsis was defined as the presence of invasive 
pathogenic organisms or their toxins in blood or tissues 
resulting in a systematic response that included two or more 25 
of the following: temperature greater than 38^ C or less than 
36^ C, heat rate greater than 90 beats/minute, respiratory 
rate greater than 20 breaths/minute (or^Oj less than 75 mm 
Hg), and white blood cell coimt greater than 12,000 or less 
than 4000 cells/mm^ or more than 10 percent bands (Bone, 30 
1991). Patients in whom Hs-antagonist therapy had failed or 
who experienced an adverse event while receiving 
H2-antagonist therapy were also included. 

Patients were excluded from the study if they were 
receiving azole antifungal agents through the nasogastric 3S 
tube; were likely to swallow blood (e.g., facial and/or sinus 
fractures, oral lacerations); had severe thrombocytopenia 
(platelet count less than 30,000 cells/mm ^); were receiving 
enteral feedings through the nasogastric tube; or had a 
history of vagotomy, pyloroplasty, or gastroplasty. In 40 
addition, patients with a gastric pH above four for fony- 
eight hours after ICU admission (without prophylaxis) were 
not eligible for participation. Patients who developed bleed- 
ing within the digestive tract that was not stress-related 
mucosal damage (e.g., endoscopicaDy verified variceal 45 
bleeding or Mallory-Weiss tears, oral lesions, nasal tears due 
to placement of the nasogastric mbe) were excluded firom 
the efiGcacy evaluation and categorized as having non-stress- 
related mucosal bleeding. The reason for this exclusion is 
the confounding effect of non-stress-related mucosal bleed- 50 
ing on efQcacy-related outcomes, such as the use of naso- 
gastric aspirate inspection to define clinically significant 
upper gastrointestinal bleeding. 
Study Drug Adminisuaiion 

Omeprazole solution/suspension was prepared immedi- 55 
ately before administration by the patient's nurse using the 
following instructions: 1) Empty the contents of one or two 
20 mg omeprazole capsule(s) into an empty 10 ml syringe 
(with 20 gauge needle in place) from which the plunger has 
been removed. (Omeprazole delayed-relcase capsules, 60 
Merck & Co., Inc., West Point, Pa.). 2) Replace the plunger 
and uncap the needle. 3) Withdraw 10 ml of 8.4% sodium 
bicarbonate solution or 20 ml if 40 mg given (Abbott 
Laboratories, North Chicago, lU.). The resultant preparation 
should contain 2 mg omeprazole per ml of 8.4% sodium 
bicarbonate. 4) Allow the enteric coated pellets of omepra- 
zole to completely breakdown, -30 minutes (agitation is 
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helpful). The omeprazole in the resultant preparation is 
partially dissolved and partially suspended. The preparation 
should have a milky white appearance with fine sediment 
and should be shaken before using. The solution/suspension 
was not administered with acidic substances. A high pres- 
sure liquid chromatography study was performed that has 
demonstrated that this preparation of simplified omeprazole 
suspension maintains >90% potency for seven days at room 
temperature. This preparation remained free of bacterial and 
fungal contamination for thirty days when stored at room 
temperature (see Table 5). 

The initial dose of omeprazole solution/suspension was 
40 mg, followed by a second 40 mg dose 6-8 hours later, 
then a 20 mg daily dose administered at 8:00 AM. Each dose 
was administered through the nasogastric tube. The naso- 
gastric tube was then flushed with 5-10 ml of tap water and 
clamped for at least one hour. Omeprazole therapy was 
continued until there was no longer a need for stress ulcer 
prophylaxis (usually after the nasogastric tube removed and 
the patient was taking water/food by mouth, or after the 
patient was removed from mechanical ventilation). 
Primary Outcome Measures 

The primary outcome measure in this study was the rate 
of clinically significant stress-related mucosal bleeding 
defined as endoscopic evidence of stress-related mucosal 
bleeding or bright red blood per nasogastric tube that did not 
clear after a 5-minute lavage or persistent Gastroccult 
(SmithKline Diagzx)stics, Sunnyville, Calif.) positive coffee 
groutsd material for four consecutive hours that did not clear 
with lavage (at least 100 ml) and produced a 5% decrease in 
hematocrit. 

Secondary Outcome Measures 

The secondary efScacy measures were gastric pH mea- 
sured four hours after omeprazole was administered, mean 
gastric pH after starting omeprazole and lowest gastric pH 
during omeprazole administration. Gastric pH was measured 
immediately after aspirating gastric contents through the 
nasogastric tube. pH paper (pHydrion improved pH papers, 
Microessential Laboratory, Brooklyn, N.Y.) was used to 
measure gastric aspirate pH. The pH range of the test strips 
was 1 to 11, in increments of one pH unit. Gastric pH was 
measured before the initiation of omeprazole solution/ 
suspension therapy, immediately before each dose, and 
every four hours between doses. 

Other secondary outcome measures were incidence of 
adverse events (including drug interactions) and pneumonia. 
Any adverse event that developed during the study was 
recorded. Pneumonia was defined using indicators adapted 
from the Centers for Disease Prevention and Control defi- 
nition of nosocomial pneumonia (Gamer et al., 1988). 
According to these criteria, a patient who has pneumonia is 
one who has rales or dullness to percussion on physical 
examination of the chest or has a chest radiograph that 
shows new or progressive infiltrate(s), consolidation, 
cavitation, or pleural effusion and has at least two of the 
following present: new pumlent sputtun or changes in 
character of the spunim, an organism isolated from blood 
culture, fever or leukocytosis, or evidence of infection from 
a protective specimen brush or bronchoalveolar lavage. 
Patients who met the criteria for pneumonia and were 
receiving antimicrobial agents for the treatment of pneumo- 
nia were iucluded in the pneumonia incidence figure. These 
criteria were also used as an initial screen before the first 
65 dose of study drug was administered to determine if pneu- 
monia was present prior to the start of omeprazole suspen- 
sion. 
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Cost of Care Analysis 

A pbannacoeooDomic evaluation of stress ulcer propby- 
laxis using omeprazole solutioo/suspeosioD was performed. 
Tbe evaluation included total drug cost (acquisition and 
administration), actual costs associated with adverse events 
(e.g., psychiatry consultation for mental confusion), costs 
associated with clinically significant upper gastrointestinal 
bleeding. Toul drug cost was calculated by adding tbe 
average institutional costs of omeprazole 20 mg capsules, 50 
ml sodium bicarbonate vials, and 10 ml syringes witb 
needle; nursing time (drug administration, pH monitoring); 
pharmacy time (drug preparation); and disposal costs. Costs 
associated with clinicaUy significant upper gastrointestinal 
bleeding included endoscopy charges and accompanying 
consultation fees, procedures required to stop tbe bleeding 
(e.g., surgery, hemostatic agents, endoscopic procedures), 
increased hospital length of stay (as assessed by the attend- 
ing physician), and cost of drugs used to treat the gas- 
trointestinal bleeding. 
Statistical Analysis 

Tbe paired t-test (two-tailed) was used to compare gastric 
pH before and after omeprazole solution/suspension admin- 
isuatioo and to compare gastric pH before omeprazole 
solution/suspension administration with the mean and low- 
est gastric pH value measured after beginning omeprazole. 
Results 

Seventy-seven patients met the inclusion and exclusion 
criteria and received omeprazole solution/su^ension (see 
FIG. 2). TVo patients were excluded from the efficacy 
evaluation because tbe protocol for omeprazole administra- 
tion was not followed. In one case, the omeprazole enteric- 
coated pellets had not completely broken down prior to the 
administration of tbe first two doses, which produced an 
erratic effect oo gastric pH. Tbe gastric pH increased to 
above six as soon as the patient was given a dose of 
omeprazole solution/suspension (in which tbe enteric coated 
pellets of omeprazole bad been allowed to completely 
breakdown). 

Tbe reason for tbe second exclusion was that nasogastric 
suctioning was not turned off after the omeprazole dose was 
administered. This resulted in a transient effect on gastric 
pH. Tbe suction was turned off with subsequent omeprazole 
doses, and control of gastric pH was achieved. Two patients 
were considered efiGcacy failures because omeprazole failed 
to maintain adequate gastric pH control on tbe standard 
omeprazole 20 mg/day maintenance dose. When the ome- 
prazole dose 20 was increased to 40 mg/day (40 mg once/ 
day or 20 mg twice/day), gasu-ic pH was maintained above 
four in both patients. Tbese two patients were included in the 
safety and efficacy evaluations, including the gastric pH 
analysis. After tbe two patients were declared failtires, their 
pH values were no longer followed. 

Tbe ages of the remaining seventy-five patients ranged 
from eighteen to eighty-seven years; forty-two patients were 
male and thirty-three were female. All patients were 
mechanically ventilated during the study. Table 2 shows the 
frequency of risk faaors for stress-related bleeding that were 
exhibited by the patients in this study. The most common 
risk factors in this population were mechanical ventilation 
and major siugery. Tbe range of risk factors for any given 
patient was two to ten, with a mean of 3 (4I) (standard 
deviation). Five patients enrolled in tbe study had developed 
clinically significant bleeding while receiving continuous 
infusions of ranitidine (150 mg/24 hr) or cimetidine (900 
mg/24 br). In all five cases, the bleeding subsided and the 
gasuic pH rose to above five within thirty-six hours after 
initiating omeprazole therapy. Three patients were enrolled 



after having developed two consecutive gastric pH values 
below three while receiving an H^-antagonist (in tbe doses 
outlined above). In all three cases, gastric pH rose to above 
five within four hours after omeprazole therapy was ioiti- 

5 ated. Four other patients were enroUcd in this study after 
experiencing confusion (n*-2) or thrombocytopenia (n»2) 
during H.-antigens therapy. Within thirty-six hours of 
switching therapy, these adverse events resolved. 
Stress-related Mucosal Bleeding and Mortality 

10 None of the sixty-five patients who received simplified 
omeprazole suspension as their initial prophylaxis against 
stress^related mucosal bleeding developed overt or clinically 
significant upper gastrointestinal bleeding. In four of tbe five 
patients who bad developed upper gastrointestinal bleeding 

15 before study entry, bleeding diminished to the presence of 
occult blood only (Gastroccult-positive) within eighteen 
hours of starting omeprazole su^osion; bleeding stopped 
in all patients within thirty-six hours. Tbe overall mortality 
rate in this group of critically ill patients was eleven percent. 

20 No death was attributable to upper gastrointestinal bleeding 
or the use of omeprazole solution/suspensioD. 
Gastric pH 

The mean (±standard deviation) pre-omeprazole gastric 
pH was 3.5*1.9. Within four hours of omeprazole 

25 administration, the gasbic pH rose to 7.1±1.1 (se FIG. 3); 
this difference was significant (p<0.001). Tbe differences 
between pre-omeprazole gastric pH and the mean and lowest 
gasuic pH measurements during omeprazole administration 
(6.8±0.6 and 5.6±1.3, respectively) were also statistically 

30 significant (p<0.001). 
Safety 

Omeprazole solution/suspension was well tolerated in this 
group of critically ill patients. Only one patient with sepsis 
experienced an adverse event that may have been dnig- 

35 related thrombocytopenia. However, the platelet count oon- 
timied to fall after omeprazole was stopped. Tbe platelet 
count then returned to normal despite reinstitution of ome- 
prazole tberapy. Of note, one patient on a jet ventilator 
continuously expelled all liquids placed in her stomach up 

40 ar)d out through her mouth, and thus was unable to continue 
on omeprazole. No clinically significant drug interactions 
witb omeprazole were noted during the study period. As 
stated above, metabolic alkalosis is a potential concern in 
patients receiving sodium bicarbonate. However, the amount 

45 of sodium bicarbonate in omeprazole solution/suspension 
was small (-12 m£q/10 ml) and no electrolyte abnormalities 
were found. 
Pneumonia 

Pneumonia developed in nine (12%) patients receiving 
50 omeprazole solution/suspension. Pneumonia was present in 
an additional five patients before the start of omeprazole 
therapy. 

Pharmacoeconomic evaluation 
The average length of treatment was nine days. Tbe cost 

55 of care data are listed in Tables 3 and 4. Tbe costs of drug 
acquisition, preparation, and delivery for some of tbe tradi- 
tional agents used in tbe prophylaxis of stress-related upper 
gastrointestinal bleeding are listed in Table 3. There were no 
costs to add from toxicity associated witb omeprazole 

60 solution/suspension. Since two of seventy-five patients 
reqtiired 40 mg of omeprazole solution/suspension daily to 
adequately control gastric pH, tbe acquisition/preparation 
cost should reflect this. Tbe additional 20 mg of omeprazole 
with vehicle adds seven cents per day to tbe cost of care. 

65 Therefore, the daily cost of care for omeprazole solution/ 
suspension in the propbylaxis of stress-related mucosal 
bleeding was S 12.60 see Table 4. 
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Omeprazole sohitioo/suspensioQ is a safe and effective 
therapy for the prevention of clinicaUy significant stress- TABLE I 

related mucosal bleeding in critical care patients. The con- ' 
tributioD of many risk factors to stress-related mucosal 

damage has been challenged recendy (6). All of the patients 5 ngi ng2 q83 ng4 ngS nge ng? ngS ngs 

in this study had at least one risk factor that has clearly been 

associated with stress-related mucosal damage — mechanical f^lgf i-^ ^-3 i-3 u i3 13 

ventilation. Previous trials and data from a recently pub- Pre 
lisbed study show that stress ulcer prophylaxis is of proven sos 

benefit in patients at risk and, therefore, it was thought to be 10 , , , , , , , , , , , , ^ , , 
unethical to include a placebo group m this study. No 
clinically significant upper gastrointestinal bleeding '^^^^ 
occurred during omeprazole solution/suspension therapy. 3.>-chcck of fg pH 

Gastric pH was maintained above 4 on omeprazole 20 [3]gfp 1.3 3.3 1.4 1.4 1.4 13 1.4 13 13 
mg/day in seventy-three of seventy-five patients. No adverse 15 2nd 

dose 

3.>-chcck of gf pH SOS pH - 9.0 



events or drug interaction associated with omeprazole were 
encountered. 



EXAMPLE IV 

The anti-microbial or bacteriostatic effects of the ome- 
prazole solution/suspension were analyzed by applicants. 



20 



TABLE 2 



Mecb 


Majot 


Multi- 


Head 


Hypo- 


Rensl 




Multiple 


Add/ 


Liver 




Suigcry 


treuma 


lajury 


tcDsion 


Failure 


Sepeis 


Operation 


Base Coma 


FaQure Burs 


75 


61 


35 


16 


14 


14 


14 


12 


10 4 


2 2 



Risk factois present is patients in this study (n * 75) 



An omeprazole solution/suspension made according to 
the present invention was stored at room temperature for 
four weeks and then was analyzed for fungal and bacterial 
growth. 35 
Results 

Following four weeks of storage at room temperature, no 
bacterial or fungal growth was detected. 

An omeprazole solution/suspension made in accordance 
with the present invention was stored at room temperature 
for twelve weeks and then was analyzed for fungal and 
bacterial growth. 
Results 

After twelve weeks of incubation at room temperature, no 
fungal or bacterial growth was detected. 

The results of these experiments illustrate the stability and 
bacteriostatic characteristics of the omeprazole solution/ 
suspension of the present invention. 

Throughout this application various publications and pat- 
ents are referenced by citation and number. Full citations for 
tbe pubUcation are listed below. The disclosure of these 
publications and patents in their entireties are hereby incor- 
porated by reference into this application in order to more 
fully describe the state of the art to which this invention 
pertains. 

Tbe invention has been described in an illustrative 
manner, and it is to be understood tbe terminology used is 
intended to be in the nature of description rather than of 
limitation. 

Obviously, many modifications and variations of the 
present invention are possible in light of tbe above teach- 
ings. Therefore, it is to be understood that within the scope 
of the appended claims, reference nmnerals are merely for 
convenience and are not to be in any way limiting, the 65 
invention may be practiced otherwise than as specifically TOTAL for 9 days 
described. 



TABLES 



Pel day 



40 



45 



50 



RANmPINE (day 1-9) 
Ranitidine 

Andllaiy Product (1) 
Ancillary Produa (2) 
Ancillary Product (3) 
Sterile Prep required 
R.N. time (S24/hr) 

RPb. time, hood maint. 
Pump cost 
TOTAL for 9 days 
RAINmOINE Cost per day 
aMEnPlNE (day 3-9) 

Cimetidisc 
Ancillary Product (1) 
Ancillary Product (2) 
Ancillary Product (3) 
Sterile Prep required 
R.N. time (S24/hr) 

55 

R.Pb. time, hood maint. 
Pump cost 
TOTAL for 9 days 
CIMETIDII^ Cost per day 
^ SUCRALFATE (day 3-^) 

Sucralfate 

Ancillary Product (1) 
Sterile Prep required 
R.N. time (S24/hr) 



ISO mg,'24 hr 
Piggyback (60%) 
micro tubing (etc.) 
fUter 
yes 

20 minutes/day (includes pH 

monitoring) 

3 minutes (S40/hr) 

$29,74 hrs x 50% 



900 mg;74hT 

Piggyback 

miao tubing (etc.) 

filter 

yes 

20 minutes/day (includes pH 

monitoring) 

3 minutes (S40/hr) 

$29/24 hrs X 50% 



1 Gmx 4 

syringe 

no 

30 minutes/day (includes pH 
monitoring) 



6.15 
0.75 
2.00 
.40 

8.00 

2.00 
14.50 
304.20 
33.80 



3.96 
1.25 
2.00 
.40 

8.00 

2.00 
14.50 
288.99 
32.11 



2.40 
.20 



12,00 
131.40 
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TABLE 3-coDlinued 



SUCRALFATE Cost per day 



5,840,737 




Per day 



14.60 



Note: 

Does not lodude the cost of faOure sDd/or adverse effect. 
Acquisition, prepantion and delivery costs of traditiooal agents. 
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Borrero et al., "Antacids vs. sucralfate in preventing acute 

gastrointestinal tract bleeding in abdominal aortic sur- 

gtry" Arch. Surg., 121: 810^12 (1986). 
Brunton, "Agents for the control of gastric acidity and 

treatment of peptic ulcers. In, Tbe pharmacologic basis of 

therapeutics, (eds Goodman A. G., RaU T. W., Nics A. S., 

Taylor P.) New York, p/907 (1990). 
Cantu and Korek, "Central nervous system reactions to 

histamine-2 receptor blockers" Ann Jntem Med., 114: 

1027-1034 (1991). 



TABLE 4 



The average length of treatment was 9 days. Cost of care was calculated from these data: 



Per d ay Tbial 

OMEPRAZOLE (day 1) 



Product acquisition cost 


40 mg load X 2 (5.66/dose) 


11.32 


1132 


Ancillary' product 


materials for solution preparation 


0.4] 


0.41 


Ancillary product 


syringe w/needle 


0.20 


0.40 


Sterile preparation required 


no 






SOS preparation time (R.N.) 


6 minutes 


140 


4.80 


R-N. time ($24/hr) 


21 minutes/day (includes pH monitoring) 


8.40 


8.40 


OMEPRAZOUE (days 2-9) 






Product acquisition cost 


20 mg per day 


183 


22.65 


Ancillary produa 


materials for solution preparation 


0.41 


0.82 


Ancillary product 


syrin^ w/needle 


0.20 


1.60 


Sterile preperatioo required 


no 






SOS preparation time (R.N.) 


6 mintites 


Z40 


4.80 


R.N. time ($24/'br) 


18 minutes/day (includes pH monitoring) 


8.40 


57.60 


2/75 patient require 40 mg siu^liiied omeprazole solution per day (days 2-9) 




0.63 


No additional cost for adverse effects or for faOure 






TOTAL-* 






113.43 


Simplified Omerprazole Solution Cost per day -• 




12.60 



Pharmacoeconomic evaluation of omeprazole cost of care 



TABLES 



Tune 


Cootrol 


1 hour 


24 hour 


2 day 


7 day 


14 day 


Conc(mg^ml) 


2.01 


2.07 


1.94 


1.96 


1.97 


1.98 



Stability of Sinq}lified Omeprazole Solution at room temperature (25" C.) 
>^lueft are tbe mean of three sanq)les 
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compositioD ranges from approximately 7.5% to approxi- 
mately 10.0%. 

9. A method as set forth in claim 8, wbcreio the concen- 
tratioD of the bicarbonate salt of the Group lA metal is 
approximately 8.4%. 

10. A method as set forth in claim 1, wherein the single 
dosage form includes a concentration of bicarbonate ranging 
from approximately 0.75 mcq to 15 meq per milliliter. 
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11. A method as set forth in claim 10, wherein the amount 
of the bicarbonate in the single dosage form is less than 
approximately 12 m£q/20 mg dose of omeprazole. 

12. A method as set forth in claim 1, wherein the single 
dosage form is administered in a volume of between 
approximately 10 ml and 20 ml. 
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SUBSTITUTED BENZIMIDAZOLE DOSAGE dcnce aod Natural History, N Engl. J. Med, 291: 925-929 

FORMS AND METHOD OF USING SAME (1974); SkiUman cl al. Respiratory Faflurc, Hypotension, 

Sepsis and Jaundice: A Clinical Syndrome Associated with 

This application is a continuation-in-part of U.S. patent Hemorrhage From Acute Stress Ulceration, Am. J. 

application Sen No. 09/183.422 filed on Oct 30. 1998. now 5 1^^* 523-530 (1969); and Cook et al.. Risk Factors 

abandoned, which is a conlinuation-in.part of U.S. patent Pf ST'^'^n a^i^fft^f PaUentSn N. 

application Ser. No. 08/680,376 filed on Jul. 15. 1996. now P^^' ^^0.377-381 (1994)). One or more of these 

HQ Pflt Nn ^suni%i whi/^K ^i«;r«^ «^«^t,» t« 11 c Uctors arc often found m cnticaUy ill, intensive care uml 

A inn^ TL- 1- .• 1 • "«^/»~-',v~o v>u joii. previously lacnbfied sucb as acid-base dasordeis, multiple 

4, 11»6. This apphcauon claims pnonty to all such previous jo {rauma, significant hypertension, major surgery, multiple 

applications and such apphcations are hereby incorporated operative procedures, acute renal faUure. sejsis, and coma 

hereu) by reference. (Cook et al.. Risk Factors for Gastiointeslinal Bleeding in 

TPPHNnrAi TTiFT n CriticaUy 111 Patients. N. Engl. J. Med., 330:377-381 

1 tLMiNji^ hi tLU (1994)). Regardless of the risk type, stress-related mucosal 

The present invention relates to pharmaceutical prepara- is damage results in significant morbidity and mortality, aini- 

tioDS comprising substituted bcnzimidazole proton pump cally significant bleeding occurs in at least twenty percent of 

inhibiton. patients with one or more risk fiictors who are left untreated 

(Martin et al., Q>ntinuous Intravenous cimetidine Decreases 

BACKGROUND OF THE INVENTION Stress-related Upper Gastrointestinal Hemorrhage Without 

Omeprazole is a substituted benamidazole. 5-methoxy- 20 '^f'* ' 19-39 ('1993)). 

2-[(4-methoxy.3.5-dimetbyl.2-pyridinyl)methyl]sulfinyl]- °f ' ^,.:^^n„"'!f' •PP«'««'.^'«'»y P"«°« "fl"" 

IH^enzimid^le. that inhibits Jkric add sec^tion. Ome- S^rl^^l^f^'^^;^'^ '^"f T'^'y °^ 

prazole belongs to a class of antisecretory compounds called Sjf!!? ni^.^L^^ ^S^^' *!' 

proton pump inhibitors ("PPls^ that do not^xhibit anti- nSSn o?S.^f/ «I? iSn*' ^V'S^j, ^ ^^'^ 

cholinergic or H, histamine antagonist properties. Drugs of „ M.H'",g?%f JS?o ^- ^ 

this class suppress gastric acid secretion by the specific " Sr PiJSn.?J^f^ SfJ.t^nf «^ 

inhibition of the H*. K*-ATPase enzyme system (^ton i^,rtrp ° !!f. Treatn^nt of Gastroduodenal Mticosal 

pump) at the sectetory surface of the gastdc Vieuf «U. !^^r^9'^^^::.iT6o''^^^s^^ 

TVpically, omeprazole, lansoprazole and other proton often require multiple trai^fusions and prolonged hoS 

pump inhibitors are formulated m an entenc<oated sobd ^ jzaUon. Prevention of stress-related up^er g^rointStinal 

dosage form (as either a delayed-release capsule or tablet) or bleeding is an important clinical goal. 

Z " '1!",^*°°"* solution (or as a product for i„ ^^diUon to general supportive care, the use of drugs to 

r«:onst.mtio^. and are prescribed for short-term treatment , stress-related muciS damage and related c«iS^ 

?/rdLr(S^Rt^^^^ a^D^ E;fa^;?ti'*^v " °' ^ 

respoo^Ve systLaticUp. and pa.hololfc/hypi^re': - l^^^^^.^^S to°r;L''.hrs.lTSS^ el 

tory conditions such as ZoUmger Hbson syndrome. These ^ cInUnuous IntravenL Cimetidine SL^sTreJ 

a-ggl^-ILt^rand mtr yn^lo^rSrS're "m'T 5^^^^^^ 

ss^c;^t™r;s^^^^^^^^ Br^^^W^^^ 

tj , , al » Stress Ulcers and Organ Failure m Intubated 
H^-anUgonists, antacids, and sucralfate are commonly Patients in Surgical Intensive Care Units, Ann Sure., 215: 
admmistcred to mimnaize the pain and the complications 332-337 (1992)). In two recent meta-analyses (Cook et al:. 
related to these coodiuons. These drugs have certain disad- 45 Stress Ulcer Prophylaxis in the Critically Ul- A MeU- 
vantages associated with their use. Some of these drugs are analysis, Am, J. Med., 91: 519-527 (1991); Tryba. Stress 
not completely eflfective m the treatment of the aforemcn- Ulcer Prophvlaxis^-Ouo Vadis? Intcns. Care Med. 20* 
uoned conditions and/or produce adverse side effects, such 311-313 (1994)) Antacids, sucralfate, and H,-anlagonists 
as mental confusion, constipation, diarrhea, and ihrombocy- were all found to be superior to placebo and sunilar lo one 
topema. H.-antagonists, such as ranitidmc and cimetidine, 50 another in preventing upper gastrointestinal bleedinc Yet 
are relatively cosily modes of therapy, particularly in NPO prophylactic agents are withdrawn in fifteen to twenty 
patients, which frequently require the use of automated percent of patients in which they arc employed because of 
mfusion pumps for contmuous mtravenous infusion of the failure to prevent bleeding or control pH (Ostro et al, 
. Control of Gastric pH With Cimctidire Bohiscs \%isus 
Patients with significant physiologic stress are at risk for Primed Infusions, Gastroenterology, 89: 532-537 (1985) 
stress-related gastric mucosal damage and subsequent upper ' Siepler, A Dosage Alternative for H-2 Receptor Antagonists, 
gastrointestinal bleeding (Marrone and Silcn, Pathogenesis, Continuous-Infusion, Clin. Ther., 8 (Suppl A): 24-33 
Diagnosis and Treatment of Acute Gastric Mucosa Lesions, (1986); Ballesieros et al.. Bolus or Intravenous Infusion of 
Clin Gastroenterol 13: 635-650 (1984)). Risk factors that Ranitidine: Effects on Gastric pH and Acid Secretion: A 
have been clearly associated with the development of stress- Comparison of Relative Cost and EflBcacy, Ann. Intern, 
related mucosal damage are mechanical ventilation, Med., 112:334-339 (1990)), or because of adverse effects 
coagulopathy, extensive burns, head injury, and organ trans- (Gafter el al., Thrombocytopenia Associated With Hyper- 
plant (Zinncr et al.. The Prevention of Gastrointestinal Tract sensitivity to Ranitidine: Possible Cross-reactivity With 
Bleeding in Patients in an Intensive Care Unit, Surg. Cimetidine. Am. J. Gastroenterol, 64: 560-562 (1989); Sax, 
Gynecol. Obstet., 153: 214-220 (1981); Larson et al.. Gas- ClinicaDy Important Adverse Effects and Drug Interactions 
trie Response to Severe Head Injury, Am. J. Surg. 147: 65 With H2-Receptor Antagonists: An Update, Pharmaco- 
97-105 (1984); Czaja et al.. Acute Gastroduodenal Disease therapy 7(6 pi 2): 110S-115S (1987); Vial et al, Side Effects 
After Thermal Injury: An Endoscopic Evaluation of Inci- of Ranitidine, Drug Saf, 6:94-117(1991); Cantu and Korek, 
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Central Nervous System Reactions to Hisiainine-2 Receptor 
Blockers, Ann. Intern Med., 114: 1027-1034 (1991); and 
Spychal and Wickham, Thrombocytopenia Associated With 
Ranitidine, Br. Med. J., 291: 1687 (1985)). In addition, the 
characteristics of an ideal agent for the prophylaxis of stress 
gastritis were analyzed by Smythe and Zarowitz, Changiog 
Perspectives of Stress Gastritis Prophylaxis, Ann 
Pharmacolher, 28: 1073-1084 (1994) who concluded that 
none of the agents-curreotly in tise fulfill their criteria. 
Stress ulcer prophylaxis has become routine therapy in 



izing and Non-acid Neutraliziiifi Stress Ulcer Prophylaxis in 
Thermally Injured Patients. J. Trauma, 36: 541-547 (1994); 
and Dnks et al.. Nosocomial Pneumonia in Intubated 
Patients Given Sucralfate as Compared With Antacids or 
Histamine Type 2 Blockers, N. Engl. J. Med.. 317: 
1376-1382 1987)), but data on critical care patients with 
head injury, trauma, or bums are limited. In addition, a 
recent study comparing sucralfate and cimetidine plus ant- 
acids for stress ulcer prophylaxis reported clinically signifi- 
cant bleeding in three of forty-eight (6%) suaalfate-lreated 



intensive care units in most hospitals (Fabian et al., Pneu- lO patients, one of whom required a gastrectomy (CiofQ et al.. 



monia and Stress Ulceration in Severely Injured Patients, 
Arch. Surg., 128: 185-191 (1993); Cook et al.. Stress Ulcer 
Prophylaxis in the Critically 111: A Meta- Analysis, Am. J. 
Med., 91: 519-527 (1991)). Controversy remains regarding 
pharmacologic intervention to prevent stress-related bleed- 
ing in critical care patients. It has been suggested that the 
incidence and risk of gastrointestinal bleeding has decreased 
in the last ten years and drug therapy may no longer be 
needed (Cook et al., Risk Factors for Gastrointestinal Bleed- 
ing in Critically 111. Patients, N. Engl. J. Med., 330:377-381 
(1994); Tryba, Stress Ulcer Prophylaxis— Quo Vadis? 
Intens. Care Med. 20: 311-313 (1994); Schepp, Stress Ulcer 
Prophylaxis.: Still a Vah'd Option in the 199Qs?, Digestion 
54: 189-199 (1993)). This reasoning is not supported by a 
recent placebo-controlled study. Martin, et al. conducted a 
prospective, randomized, double-blind, placebo-controlled 
comparison of continuous-infiision cimetidine and placebo 
for the prophylaxis of stress-related mucosal damage. The 
smdy was terminated early because of excessive bleeding- 
related mortality in the placebo group. It appears that the 
natural course of stress-related mucosal damage in a patient 
at risk who receives no prophylaxis remains significant. In 
the placebo group, thirty-three percent (33%) of patients 
developed clinically significant bleeding, nine percent (9%) 
required transfusion, and six percent (6%) died due to 
bleeding-related complications. In comparison, fourteen 
percent (14%) of cimetidine-treated patients developed 
clinically significant bleeding, six percent (6%) required 
transfusions, and one and one-half percent (15%) di^ due 
to bleeding-related complication. The difference in bleeding 
rates between treatment groups was statisticaUy significant. 
Tliis study clcariy demonstrated that continuous-infusion 
cimetidine reduced morbidity in critical care patients. 
Although these data were used to support the approval of 
continuous-infusion cimetidine by the Food and Drug 
Administration for stress ulcer prophylaxis, Hs-antagonisis 
fall short of being the optimal pharmacotherapeutic agents 
for preventing of stress-related mucosal bleeding. 

Another controversy siurounding stress ulcer prophylaxis 
is which drug to use. In addition to the various 
H^-antagonists, antacids and sucralfate are other treatment 
options for the prophylaxis of stress-related mucosal dam- 
age. An ideal dmg in this setting should possess the follow- 
ing characteristics: prevent stress ulcers and their 
complications, be devoid of toxicity, lack drug interactions, 
be selective, have minimal associated costs (such as person- 
nel time and materials), and be easy to administer (Smythe 
and Zarowitz, Changing Per^ectives of Stress Gastritis 
Prophylaxis, Ann Pharmacother, 28: i073-1084 (1994)). 
Some have suggested that sucralfate is possibly the ideal 
agent for stress ulcer prophylaxis (Smythe and Zarowitz, 
Changing Perspectives of Stress Gastritis Prophylaxis, Ann 
Pharmacother, 28: 1073-1084 (1994)). Randomized, con- 
trolled studies support the use of sucralfate (Borrero et al., 
Antacids vs. Sucralfate in Preventing Acute Gastrointestinal 
Tract Bleeding in Abdominal Aortic Aurgery, Arch. Surg., 
121: 810-812 (1986); Tryba, Risk of Acute Stress Bleeding 
and Nosocomial Pneumonia in Ventilated Intensive Care 65 
Patients. Sucralfate vs. Antacids, Am. J. Med., 87(3B): 
117-124 (1987); CioflS et al., Cbmparison of Acid Neutral- 
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Comparison of Acid Neutralizing and Non-acid Neutralizing 
Su-css Ulcer Prophylaxis in TbennaDy Injured Patients, J. 
Trauma, 36: 541-547 (1994)). In the smdy performed by 
Driks and coworkers that compared sucralfate to conven- 
tional therapy (Hs-antagonists, antacids, or H^-antagonists 
plus antacids), the only patient whose death vsTas attributed 
to stress-related upper gastrointestinal bleeding was in the 
sucralfate arm (Driks et al.. Nosocomial Pneimionia in 
Intubated Patients Given Sucralfate as Compared With Ant- 
acids or Histamine Type 2 Blockers, N. Engl. J. Med., 317: 
1376-1382(1987)). 

Hs-antagonists fulfill many of the criteria for an ideal 
stress ulcer prophylaxis drug. Yet, clinically significant 
bleeds can occur during. Hj-antagonist prophylaxis (Martin 
et al., Continuous Intravenous Cimetidine Decreases Stress- 
related Upper Gastrointestinal Hemorrhage Without Pro- 
moting Pneumonia, Crit. Care Med., 21: 19-39 (1993); 
Cook et al. , Suess Ulcer Prophylaxis in the Critically 111: A 
Meta-analysis, Am. J. Med., 91: 519-527 (1991); Schuman 
et al.. Prophylactic Therapy for Acute Ulcer Bleeding: A 
Reappraisal, Ann Intern. Med, 106: 562-567 (1987)). 
Adverse events arc not uncommon in the critical care 
population (Gafter et al.. Thrombocytopenia Associated 
With Hypersensitivity to Ranitidine: Possible Cross- 
Reactivity With Cimetidine, Am. J. Gastroenterol, 64: 
560-562 (1989); Sax, OinicaUy Important Adverse Effects 
and Dmg Interactions With H2-rcceptor Antagonists: An 
Update, Pharmacotherapy 7(6 pt 2): 1 10S-115S (1987); \^al 
et al., Side Effects of Ranitidine, Drug Saf , 6:94-117(1991); 
Cantu and Korek, Central Nervous System Reactions to 
Histamine-2 Receptor Blockers, Ann. Intern Med., 114: 
1027-1034 (1991); Spychal and Wickham. Thrombocytope- 
nia Associated With Ranitidine, Br. Med. J., 291: 1687 
(1985)). 

One reason proposed for the therapeutic H2 -antagonist 
failures is lack of pH control throughout the treatment period 
(Ostro et al.. Control of Gastric pH With Cimetidine Boluses 
Versus Primed Infusions, Gastroenterology, 89: 532-537 
(1985)). Although the precise pathophysiologic mechanisms 
involved in stress ulceration are not clearly established, the 
high concentration of hydrogen ions in the mucosa (Fiddian- 
Green et al., 1987) or gastric fluid in contact with mucosal 
cells appears to be an important factor. Agastric pH >3.5 has 
been associated with a lower incidence of stress-related 
mucosal damage and bleeding (Larson et al.. Gastric 
Response to Severe Head Injury, Am. J. Surg. 147: 97-105 
(1984); SkiUman et al,. Respiratory Failure, Hypotension, 
Sepsis and Jaundice: A Qinical Syndrome Associated With 
Lethal Hemorrhage From Acute Stress Ulceration, Am. J. 
Surg., 117: 523-530 (1969); Skillman et al., The Gastric 
Mucosal Barrier: Clinical and Experimental Smdies in Criti- 
cally 111 and Normal Man and in the Rabbit, Ann Surg., 172: 
564-584 (1970); and Priebe and Skillman, Methods of 
Prophylaxis in Stress Ulcer Disease, World J. Surg., 5: 
223-233 (1981)). Several studies have shown thai 
H^-aniagonists, even in maximal doses, do not reliably or 
continuously increase intragastric pH above commonly tar- 
geted levels (3.5 to 4.5). This is true especially when used in 
fixed-dose bolus regimens (Ostro et al., Control of Gastric 
pH With Cimetidine Boluses Versus Primed Infusions, 
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Gastroenterology, 89: 532-537 (1985); Siepler, A Dosage 
Alternative for H-2 Receptor Antagonists, Continuous- 
infusion, Clin. Tber. , 8 (Suppl A): 24-33 (1986); Ballesieros 
et al., Bolus or Intravenous Infusion of Ranitidine: Effects on 
Gastric pH and Acid Secretion: A Comparison of Relative 
Cost and EfBcacy, Ann. Intern. Med., 112:334-339 (1990)). 
In addition, gastric pH leveb tend to trend downward with 
lime when using a continuous-infusion of Hj-antagonisls, 
which may be the result of tachyphylaxis (Ostro et al.. 
Control of Gastric pH With Cimctidttne Boluses \fersus 
Primed Infusions, Gastroenterology, 89: 532-537 (1985); 
Wilder-Smith and Merki, Tolerance During Dosing With 
Hj-receptor Antagonists. An Overview, Scand. J. Gastroen- 
terol 27 (suppl. 193): 14-19 (1992)). 

Because stress ulcer prophylaxis is frequently employed 
in the intensive care unit, it is essential from both a clinical 
and economic standpoint to optimize the pharmaco therapeu- 
tic approach. In an attempt to identify optimal therapy, cost 
of care becomes an issue. All treatment costs should be 
considered, including the costs of u-eatment failures and 
drug-related adverse events. While the actual number of 
failures resulting in mortality is low, morbidity (e.g., bleed- 
ing that requires blood transhision) can be high, even though 
its association with the failure of a specific drug is often 
unrecognized. 

Initial reports of increased frequency of pneumonia in 
patients receiving stress ulcer prophylaxis with agents that 
raise gastric pH has influenced tbe pharmacotherapeutic 
approach to management of critical care patients. However, 
several recent studies (Simms et al., Role of Gastric Colo- 
nization in the Development of Pneumonia in Critically 111 
Trauma Patients: Results of a Pro^>ective Randomized Trial, 
J. Trauma, 31: 531-536 (1991); Pickworth et al.. Occurrence 
of Nasocomial Pneumonia in Mechanically Ventilated 
Trauma Patients: A Comparison of Sucralfate and 
Ranitidine, Crit. Care Med., 12: 1856-1862(1993); Ryan et 
al., Nasocomial Pneumonia Ehiring Stress Ulcer Prophylaxis 
With Cimetidine and Sucralfate, Arch. Surg., 128: 
1353-1357 (1993); Fabian et al., Pneumonia and Stress 
Ulceration in Severely Injured Patients, Arch. Surg., 128: 
185-191 (1993)), a meta-analysis (Cook et aL, Stress Ulcer 
Prophylaxis in the Critically 111: A Meta-analysis, Am. J. 
Med., 91: 519-527 (1991)), and a closer examination of the 
studies thai initialed the elevated pH-associaied pneumonia 
hypotheses (Schepp, Stress Ulcer Prophylaxis: Still a Valid 
Cation in the 3990s?, Digestion 54: 189-199 (1993)) cast 
doubt on a causal relationship. The relationship between 
pneumonia and antacid therapy is much stronger than for 
Hj-anlagonists. The shared effect of antacids and 45 
H^-antagonisis on gasU'ic pH seems an irresistible common 
cause explanation for nosocomial pneumonia observed dur- 
ing stress ulcer prophylaxis. However, there arc important 
differences between these agents that are not often empha- 
sized (Laggner et al., Prevention of Upper Gastrointestinal 
Bleeding in Long-term Ventilated Patients, Am. J. Med., 86 
(suppl 6A) : 81-84 (1989)). When antacids arc exclusively 
used to control pH in the prophylaxis of stress-related upper 
gastroinlesiinal bleeding, large volumes are needed. Volume, 
with or without subsequent reflux, may be the underlying 
mechjinism(s) promoting the development of pneumonia in 
susceptible patient populations rather than tbe increased 
gastric pH. The rale of pneumonia (12%) was not unex- 
pected in this critical care population and compares with 
sucralfate, which does not significantly raise gastric pH 
(Pickworth et al.. Occurrence of Nasocomial Pneumonia in 
Mechanically Ventilated Trauma Patients: A Comparison of 
Sucralfate and Ranitidine, Crit. Care Med., 12: 1856-1862 
(1993); Ryan el al., Nasocomial Pneumonia During Stress 
Ulcer Prophylaxis With Cimetidine and Sucralfate, Arch. 
Sufg., 128: 1353-1357 (1993)). 

Omeprazole (Prilosec®), lansoprazole (Prevacid®) and 
other PPIs reduce gastric acid production by inhibiting 



H^JC^-ATPase of the parietal ccll-thc final common path- 
way for eastric acid secretion (Fellcnius et al., SubsUtuted 
Benzimidazoles Inhibit Gastric Acid Secretion by Blocking 
H*JC*-ATPase, Namre, 290: 159-161 (1981); Wallmark et 
al. The Relationship Between Gastric Acid Secretion and 
Gastric H*JC*-ATPase Activity, J. Biol. Chem., 260: 
13681-13684 (1985); Fryklund et al.. Function and Struc- 
mre of Parietal Cells After H*JC*-ArPase Blockade, Am. J. 
Physiol., 254 (3 pt 1) ; G399-^7 (1988)). 

PPIs contain a sulnnyl group in a bridge between substi- 
tuted benzimidazole and pyridme rings, as illustrated below. 



OCH2CF3 




OCHs 




LANSOPRAZOLE 
A 



OCH3 



OMEPRAZOI£ 



OCHa OCH3 
CH,^ ^CHj CHj^ ^CHj 



35 



40 



50 



55 



60 



65 





S OH 



OCH3 
SULFEKIC AQD 



Enzyme-SH 




S— -S-Enzyme 



OCHj 

ENZYME-INHIBrrOR COMPLEX 





us 6,489346 Bl 

7 8 

At neutral pH, omeprazole, lansoprazole and other PPIs patient. This device and method of parenteral infusion of 

arc chemically suble, lipid-soluble, weak bases that are omeprazole docs not provide the omeprazole solution as an 

devoid ofinhibitory activity. These neutral weak bases reach enteral product, nor is this omeprazole solution directly 

parietal cells from the blood and diffuse into the secretory administered to the diseased or affected areas, namely the 
canaliculi, where the drugs become protonated and thereby 5 stomach and upper gasu-ointestinal tract, nor docs this ome- 

U-apped. The protonated agent rearranges to form a sulfcnic prazole formulation provide the immediate antacid effect of 

acid and a sulfenamidc. The sulfonamide interacts the present formulation.. 

covalently with sulfhydryl groups at critical sites in the y g 4,786^05 to Lovgren el al. discloses a 

fjf'^f "i;^' ^^^,S^5 ^^"J'T "^'^ '°*^°ibrm.spannmg pharmaceutical preparation containing omeprazole together 

H^JC^-ATPase (Hardman et al., Goodman & GUmanJ^ The 5^,^ 3^ alkaline reacting compound or an alkaline L of 

^^^n^^'^ f "^/f TTi^rap^nc p 907 (9^ ed. omeprazole optionally together with an alkaline compound 

1996)). Omeprazole and lansoprazole, therefore, are pro- ^ 3 ^^f.^al in a llblet formulation. The use^ the 

dru^ that must be activated to be effecUve, Tlje specificity ^^^^^ ^3jerial, which can be chosen from such substances 

01 me cnccis o:^ !! f v\^P°°- as the sodium salt of carbonic acid, are used to form a 

selecuvc d>slribuUon of H JC -ATPase; (b) Ibe lequiremcnl ..„,icro-pH" around each omeprazole panicle to prolecl the 

for andic conditions to cataly« g^ omeprazole which is highly sensitive to acid pH. THe 

inhibitor; airf (c) the trapping of the protonated drug and lie ^ti mixture is then formulated lo small beads, pellets, 

cauomc sulfenaiDide withiD the acidic canal.cuh and adja- (.biets and may be loaded into capsules by coDveVUona 

cent to the tatget enzyme. (Hardman et al.. 1996)) pharmaceutical procedures. Tiis formulation of omeprazole 

Omeprazole and lansoprazole are available for oral does not provide an omeprazole dosage form which can be 
administration as entenc coated particles in gelatin capsules. 20 enierally administered to a patient who may be unable 

Other proton pump mhibitors such as rabeprazole and pan- and/or unwilling to swallow capsules, tablets or pellets, nor 

loprazole are supplied as enteric coated tablets. The enteric does it teach a convenient form which can be used to make 

dosage forms of the prior art have been employed because an omeprazole or other proton pump inhibitor solution or 

it IS very important that these drugs not be exposed to gastric suspension 

add prior to absorption. Although these drugs are stable at Several buffered omeprazole oral solutions/suspensions 

alkaline pH they are destroyed rapidly as pH faUs (e.g., by ^a^, For example, PUbrant etal., Deve^op- 

gastnc aa^. Tberefore if the inim>encapsulaUon or Oie ^^^^ Formulation o Om^]^!^:^ L 

entenc ooatmg is disrupted (e.g., tnturaUon lo compound a f-actf«*«f on ^Ci>««i 1^fi^. ^^'i'^'yn^^ooe\7\..l!I 

liquid, or che^g the ^apsu^e):the drug will be exposed to ^^^^^ mSnvpl 108): 113-120 (1985) teaches the use 

degradation by the gastric acid in the stomach. ^"'J^^^^^ suspended m water, meihylce - 
^ . r •. ,:. 77' , 30 lulose and sodium bicarbonate in a concentration of approxi- 

The absence of an intravenous or oral liquid dosage form ^^y,^ omeprazole/ml suspension, 

m the Umtcd-Sutes has limited the tesUng and use of . . i , - . , . „. , 

omeprazole, lansoprazole and rabeprazole in the critical care , Andersson et el., Pharmacotaneucs of Various Single 

patient population. Barie et al.. Therapeutic Use of Omc- Intravenous and pJ}^ ^^S^^^lOm^f^^^ Eur J. Qm. 

prazole for Refractory Stress-induced Gastric Mucosal ^^^^^<^o\. 39:, 195-197 (1990) discloses 10 mg, 40 mg, 

Hemorrhage, Crit. Care Med., 20: 899-901 (1992) have ^Omg of oral omeprazole dissolved in PEG 400, s^^^ 

described the use of omeprazole enteric-coated pellets bicarbonate and water. The concentration of omeprazole 

administered through a nasogastric tube to control gas- ^^°°f ^ ^^^^J^^^, ^ volumes of diluent are not dis- 

irointestinal hemorrhage in a critical care patient with multi- ""^^f"^: Nevertheless, it is apparent from this reference that 

organ failure. However, such pellets arc not ideal as they can ^^^^^P^^^ doses of sodium bicarbonate were administered 

aggregate and occlude such tubes, and they arc not suitable ao ^nd after the omeprazole su^nsion. 

for patients who cannot swallow the pellets. Am J. Health- Andersson et al., Pharmacokinetics and Bioavailability of 

Syst Pharm 56:2327-30 (1999). Omeprazole After Single and Repeated Oral Administration 

Proton pump inhibitors such as omeprazole represent an ^ ii^^^hy Subjects. Br. J. Qin. Pharmac. 29: 557-63 (1990) 

advantageous alternative to the use of H,-antagonists, Reaches the oral use of 20 mg of omeprazole, which was 

antacids, and sucralfate as a treatment for romplicaiions 45 delved m 20 g of PEG 400 (sp. gravity- 1.1 4) and diluted 

related to stress-related mucosal damage. However, in their ™^ °^ sodium bicarbonate, resulting in a concentra- 

current form (capsules containing enteric-coated granules or °^ mg/ml. 

enteric-coated tablets), proton pump inhibitors can be difiB- Regardh et al.. The Pharmacokinetics of Omeprazole in 

cult or impossible to administer to patients who arc either- Humans — ^A Study of Single Intravenous and Oral Doses, 

unwilling or unable to swallow tablets or capsules, such as jq 'Thcr. Drug Mon. 12: 163-72 (1990) discloses an oral dose 

critically ill patients, children, the elderly, and patients of omeprazole at a concentration 0.4 mg/ml after the drug 

suffering from dysphagia. Therefore, it would be desirable to was dissolved in PEG 400, water and sodium bicarbonate, 

formulate a proton pump inhibitor sohition or suspension Landahl et al.. Pharmacokinetics Study of Omeprazole in 

which can be enterally delivered to a patient thereby pro- Elderiy Healthy Volunteers, Clin. Pharmacokinetics 23 (6): 

viding the benefits of the proton pump inhibitor without the 469-476 (1992) leaches the use of an oral dose of 40 mg of 

drawbacks of the current enleric<oated solid dosage forms. omeprazole dissolved in PEG 400, sodium bicarbonate and 

Omeprazole, the first proton pump inhibitor introduced water. This reference does not disclose the final concentre* 

into use, has been formulated in many different cmbodi- tions utilized. Again, this reference teaches the multiple 

ments such as in a mixmre of polyethylene glycols, adeps administration of sodium bicarbonate after the omeprazole 

solidus and sodium lauryl sulfate in a soluble, basic amino solution. 

acid to yield a formulation designed for administration in the 6° Andersson et ah. Pharmacokinetics of f^'^C] Omeprazole 

recnim as taught by U.S. Pat. No. 5,219,870 to Kim. in Patients with Liver Cirrhosis, Clin. Pharmacokinetics 

U.S. Pal. No. 5395,323 to Berglund ('323) discloses a 24(1): 71-78 (1993) discloses the oral administration of 40 

device for mixing a pharmaceutical from a solid supply into mg of omeprazole which was dissolved in PEG 400, water 

a parcnierally acceptable liquid form for parenteral admin- and sodium bicarbonate. This reference does not teach the 

istration to a patient. The '323 patent teaches the use of an 65 final concentration of the omeprazole solution administered, 

omeprazole tablet which is placed in the device and dis- although it emphasizes the need for concomitant sodium 

solved by normal saline, and infused parcnierally into the bicarbonate dosing to prevent acid degradation of the drug. 
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Nakagawa, et al.. Lansoprazole: Phase I Study of lanso- at least ten bours, a soluiioD of 8 mmoles of sodium 

prazolc (AG-1749) Anti-ulccr Agent, J. Clin. Therapeutics bicarbonate in 50 ml of water. Five minutes later, the subject 

& Med. (1991) teaches the oral administration of 30 mg of ingests a suspension of 60 mg of omeprazole in 50 ml of 

lansoprazole su^nded in 100 ml of sodium bicarbonate water that also contains 8 mmoles of sodium bicaibonate. 
(0.3 mg/ml), which was administered to patients through a 5 This is rinsed down with another 50 ml of 8 mmoles sodium 

nasogastric tube. bicarbonate solution. Ten minutes after the ingestion of the 

All of the buffered omeprazole sohilions described in omeprazole dose, the subject ingests 50 ml of bicarbonate 

these references were administered orally, and were given to solution (8 mmoles). This is repeated at twenty minutes and 

healthy subjects who were able to ingest the oral dose. In all thirty minutes post omeprazole dosing to yield a total of 48 

of these studies, omeprazole was su^nded in a solution sodium bicarbonate and 300 ml of water in total 

including sodium bicarbonate, as a pH buffer, in order to which are ingested by the subject for a single omeprazole 

protect the acid sensitive omeprazole during administration. Not only does this regimen require the ingestion of 

In all of these studies, repealed administration of sodium excessive amounts of bicarbonate and water, which is likely 

bicarbonate both prior to, during, and following omeprazole ^° ^ dangerous to some patients, it is imlikely that even 

administration were required in order to prevent acid deg- bcalthy patients would comply with this regimen, 

radation of the omeprazole given via the oral route of It is well documented that patients who are required to 

administration. In the above-dted studies, as much as 48 follow complex schedules for drug administration are non- 

mmoles of sodium bicarbonate in 300 ml of water must be compliant and, thus, the efficacy of the buffered omeprazole 

ingested for a single dose of omeprazole to be orally solutions of the prior art would be expected to be reduced 

administered. due to non-oompliance. Compliance has been found to be 

The buffered omeprazole solutions of the above cited markedly reduced when patients are required to deviate from 

prior an require the ingestion of large amounts of sodium ^ schedule of one or two (usuaUy morning and night) doses 

bicarbonate and large volumes of water by repeated admin- °^ ^ medication per day. The use of the prior art buffered 

istration. This has been considered necessary to prevent add omeprazole solutions which require administration proto- 

degradation of the omeprazole. In the abovc-dted studies, ^'^^ numerous steps, different drugs (sodium 
basically healthy volunteers, rather than sick patients, were 25 bicarbonate+omeprazole+PEG 400 versus sodium bicarbon- 

given dihite buffered omeprazole utilizing pre-dosing and ate alone), and specific time allotments between each sUge 

post-dosing with large volumes of sodium bicarbonate. °^ omeprazole regimen in order to achieve effica- 

TTie administration of large amounts of sodium bicarbon- ^liJffll^.H^f.l^^^^^ "^"^ 

ate can produce at least six significant adverse effects, which "^^^^^^ theones and human naUire. 

can dramatically reduce the efficacy of the omeprazole in 30 ^ pn^r art (Pilbratit et al., 1985) teaches that the 

patients and reduce the overall health of the patients. First, buffered omeprazole suspension can be stored at refrigerator 

the fluid volumes of these dosing protocols would not be temperatures for a week and deep frozen for a year while 

suitable for sick or critically ill patients who must receive ^}^\ ^amtaimng 99% of its mitial potency. It would be 

multiple doses of omeprazole. The large vohimes would ?«!^able to have an omeprazole or other proton pump 

result in the distention of the stomach and increase the 35 solution or suspension that could be stored at room 

likelihood of complications in criticaUy ill patients such as temperature or m a refrigerator, for pcnods of time which 

the aspiration of gastric contents. ^^^^^ P"°^ ^ ^^^^ still mamtammg 99% of 

„ i^- ^ , • 11 .i j t. the imUal potency. Additionally, it would be advantageous to 

Second, because bi^nate IS usuaDy neutralized m the h,^, 3 form of the omeprazole and bicarbonate whicA can be 

stomach or IS absorbed, such that bdching results, pai«^^^^ ^^^-^^^ instantly make the omeprazole solution/ 
with gastroesophageal reflux may exacerbate or worsen their 40 suspension of the present invention whidi is supplied in a 

reflux disease as the belching can cause upward movement ,^1,^^^ ^^ich imparts the advantages of imprS^ed shelf- 

of stomach acid (Brun on Agents for tbe Control of Gastnc temperature, lower cost to produce, less expec 

Aadity and Treatment of Peptic Ulcers, In, Goodman A G, .dipping cJTte. and which is less expensive to sto^. 

et al. The Pharmacologic Basis of Therapeutics (New York, i j ,u r u j • ut l 

p 907 (1990)) *^ ^ ' It would, therefore, be desirable to have a proton pump 

T^- J - J - . t_ 45 inhibitor formulation, which provides a cost-effective means 

Hiird patients with conditions such as hypertension or fo, (^e treatment of the aforementioned conditions without 

heart faihire are standardly advised to avoid the intake of the adverse effect profile of receptor antagonists, 

excessive sodium as 11 can cause aggravation or exacerba- sucralfate. Further, it would be desirable to 

tion of their hypertensive conditions (Brunlon, supra). The have a proton pump inhibitor formulation which is conve- 

mgestion of large amounts of sodium bicarbonate is moon- „icnt to prepare and administer to patients unable to ingest 

sisient with this advice. solid dosage forms such as tablets or capsules, which is 

Fourth, patients with numerous conditions that typically rapidly absorbed, and can be orally or enteraDy delivered as 

accompany critical illness should avoid the intake of exces- a liquid form or solid form. It is desirable that the liquid 

sive sodium bicarbonate as it can cause metabolic alkalosis formulation not clog indweUing tubes, such as nasogastric 

that can result in a serious worsening of the patient's mbes or other similar lubes, and which acts as an antacid 
condition. 55 imnjcdiately upon delivery. 

Fifth, excessive antacid intake (such as sodium It would further be advantageous to have a potentiator or 

bicarbonate) can result in drug interactions that produce enhancer of the pharmacological activity of the PPIs. Il has 

serious adverse effects. For example, by altering gastric and been theorized by applicant that the PPIs can only exert their 

urinary pH, antacids can alter rates of drug dissolution and effects on H*JC*-ATTase when the parietal cells are active, 

absorption, bioavailability, and renal elimination (Brunlon, Accordingly, applicant has identified, as discussed below, 

stipra). parietal cell activators that are administered to synergisti- 

Sixth, because the buffered omeprazole solutions of the cally enhance the activity of the PPIs. 

prior art require prolonged administration of sodium Additionally, the intravenous dosage forms of PPIs of the 

bicarbonate, it makes it difficult for patients to comply with prior art are often administered in larger doses than the oral 
the regimens of the prior art. For example, Pilbrant. el al. 65 forms. For example, the typical aduh IV dose of omeprazole 

disclose an oral omeprazole administration protocol calling is greater than 100 mg/day whereas the adult oral dose is 20 

for the administration to a subject who has been fasting for to 40 mg/day. Large IV doses are necessary to achieve the 
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desired pbannacologic effect because, it is believed, many of 
the parietal cells are in a resting phase (mostly inactive) 
during an IV dose given to patients who are not taking oral 
substances by mouth (npo) and, therefore, there is little 
active (that which is inserted into the secretory canalicular 
membrane) H*JC"*"-ArPase to inhibit. Because of the clear 
disparity in the amount of drug necessary for IV versus oral 
doses, it would be very advantageous to have compositions 
and methods for IV admioistration where significantly less 
drug is required. 

SUMMARY OF THE INVENTION AND 
ADVANTAGES 

The foregoing advantages and objects are accomplished 
by the present invention. The present invention provides an 
oral solution/siispension comprising a proton pump inhibitor 
aixl at least one buffering agent. The PPI can be any 
substituted benzimidazole compound having H^K'^-ATPase 
inhibiting activity and being unstable to acid. Omeprazole 
and lansoprazole are the preferred PPIs for use io oral 
suspensions in concentrations of at least 1.2 mg/ml and 0.3 
mg/ml, respectively. The liquid oral compositions can be 
further comprised of parietal cell activators, anti-foaming 
agents and/or Savoring agents. 

The inventive compositioo can alternatively be formu- 
lated as a powder, tablet, suspension tablet, cbewablc tablet, 
capsule, effervescent powder, effervescent tablet, peUets and 
granules. Such dosage forms are advantageously devoid of 
any euteric coating or delayed or sustained-release delivery 
mechanisms, and comprise a PPI and at least one buffering 
agent to protect the PPI against acid degradation. Similar to 
the liquid dosage form, the dry forms can further include 
anti-foaming agents, parietal cell activators and flavoring 
agents. 

Kits utilizing the inventive dry dosage forms are also 
disclosed herein to provide for the easy preparation of a 
liquid composition from the dry forms. 

In accordance with the present invention, there is further 
provided a method of treating gastric acid disorders by 
administering to a patient a pharmaceutical composition 
comprising a proton pump inhibitor in a pharmaoeuticaUy 
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DETAILED DESCRIPTION OF THE 
INVENTION 

In general, the present invention relates to a pharmaceu- 
tical composition comprising a proton pump inhibitor and a 
buffering agent with or without one or more parietal cell 
activators. While the present invention may be embodied in 
many different forms, several specific embodiments are 
discussed herein with the understanding that the present 
disclosure is to be considered only as an exemplification of 
the principles of the invention, and it is not intended to limit 
the invention to the embodiments illustrated. 

For the purposes of this application, the term '"proton 
pump inhibitor" (PPI) shall mean any substituted benzimi- 
dazole possessing pharmacological activity as an inhibitor of 
H*JC*-ArPase, including, but not limited to, omeprazole, 
lansoprazole, pantoprazole, rabeprazole, dontoprazole, per- 
prazole (s-omeprazole magnesium), habeprazole, 
ransoprazole,pariprazole, and leminoprazole in neutral form 
or a salt form, a single enantiomer or isomer or other 
derivative or an alkaline salt of an enantiomer of the same. 

The inventive composition comprises dry formulations, 
solutions and/or suspensions of the proton pump inhibitors. 
As used herein, the terms "su^nsion" and "solution" are 
interchangeable with each other and mean solutions and/or 
suspensions of the substituted benzimidazoles. 

After absorption of the PPI (or administration 
intravenously) the drug is delivered via the bloodstream to 
various tissues and cells of the body including the parietal 
cells. Research suggests that the PPI is in the form of a weak 
base and is non-ionized and thereby fireely passes through 
physiologic membranes, including the cellular membranes 
of the parietal cell. It is believed that the non-ionized PPI 
moves into the acid-secreting ponion of the parietal cell, the 
secretory canaliculus. Once in the acidic millieu of the 
secretory canaliculus, the PPI is apparently protonated 
(ionized) and converted to the active form of the drug. 
Generally, ionized proton pump inhibitors are membrane 
impermeable and form disulfide covalent bonds with cys- 
teine residues in the alpha subunit of the proton pump. 
The inventive pharmaceutical composition comprising a 



acceptable carrier and at least one buffering agent wherein 40 proton pump inhibitor such as omeprazole, lansoprazolc'or 

the administering step comprises providing a patient with a other proton pump inhibitor and derivatives thereof can be 

single dose of the composition without requiring funher used for the treatment or prevention of gastrointestinal 

administering of the buffering agent. conditions including, but not limited to, active duodenal 

Additionally, the present invention relates to a method for ulcers, gastric ulcers,, gastroesophageal reflux disease 

enhancing the pharmacological activity of an inu-avenously 45 (GERD), severe erosive esophagiiis, poorly responsive sys 



administered proton pump inhibitor in which at least one 
parietal cell activator is orally administered to the patient 
before, during and/or after the intravenous administrations 
of the proton pump inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 

Other advantages of the present invention wiU be readily 
appreciated as the same becomes better understood by 
reference to the foUowing detailed description when con- 
sidered in connection with the accompanying drawing 
wherein: 55 

FIG. 1 is a graph showing the effect of the omeprazole 
solution of the present invention on gastric pH in patients at 
risk for upper gastrointestinal bleeding &om stress-related 
mucosal damage; 

FIG. 2 is a flow chart illustrating a patient enrollment 60 
scheme; 

FIG. 3 is a bar graph illustrating gastric pH both pre- and 
post-administration of omeprazole solution according to the 
present invention; and 

FIG. 4 is a graph illustrating the stomach pH values after 65 
the oral administration of both chocolate plxis lansoprazole 
and lansoprazole alone. 



tematic GERD, and pathological hypersecretory conditions 
such as Zollinger Ellison Syndrome. Treatment of these 
conditions is accomplished by administering to a patient an 
effeaive amount of the pharmaceutical composition accord- 
ing to the present invention. 

The proton pump inhibitor is administered and dosed in 
accordance with good medical practice, taking into account 
the clinical condition of the individual patient, the site and 
method of administration, scheduling of adminisU'ation, and 
other factors known to medical practitioners. The term 
"effective amount** means, consistent with considerations 
known in the art, the amount of PPI or other agent effective 
to achieve a pharmacologic effect or therapeutic improve- 
ment without undue adverse side effects, including but not 
limited to, raising of gastric pH, reduced gastrointestinal 
bleeding, reduction in the need for blood u-ansfusion, 
improved survival rate, more rapid recovery, parietal cell 
activation and H* JC^-ATPase inhibition or improvement or 
elimination of symptoms, and other indicators as are 
selected as appropriate measures by those skilled in the art. 

The dosage range of omeprazole or other proton pump 
inhibitors such as substituted benzimidazoles and deriva- 
tives thereof can range from approximately <2 mg/day to 
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approximately 300 mg/day. The staDdard approximate daily amino add and a buffer, a mixture of aluminum glycioate 

oral dosage is typically 20 mg of omeprazole, 30 mg and a buffer, a mixture of an acid salt of an amino add and 

lansoprazole, 40 mg pantoprazole, 20 mg rabeprazole, and a buffer, and a mixmre of an alkali salt of an amino add and 

the pbarmacologicaUy equivalent doses of the following a buffer. Additional buffering agents indude sodiiim citrate, 
PPls: babeprazole, pariprazole, dontoprazole, ransoprazole, 5 sodium tartarate, sodium aceute, sodium carbonate, sodium 

perprazole (s-omeprazole magnesium), and leminoprazole. polyphosphate, potassium polyphosphate, sodium 

A pharmaceutical formulation of the proton pump inhibi- pyrophosphate, potassium pyrophosphate, disodium 

tors utilized in the present invention can be administered hydrogenphosphate, dipotassium hydrogenpbosphalc, triso- 

orally or entcrally to the patient. This can be accomplished, dium phosphate, tripotassium pho^hate, sodium acetate, 

for example, by administering the solution via a nasogastric potassium metaphosphate, magnesiim] oxide, magnesium 

(ng) tube or other indwelling tubes placed in the GI tract. In hydroxide, magnesium carbonate, magnesium silicate, cal- 

order to avoid the critical disadvantages associated with civm acetate, caldum glycerophosphate, caldum cholride, 

administering large amounts of sodium bicarbonate, the PPI caldum hydroxide, calcium lactate, calcium carbonate, cal- 

solution of the present invention is administered in a single cium bicarbonate, and other calcium salts, 

dose which does not require any further administration of The pharmaceutically acceptable carrier of the oral liquid 

bicarbonate, or large amounts of bicarbonate, or other buffer preferably comprises a bicarbonate salt of Group lA metal as 

following the adminisu-ation of the PPI solution, nor does it buffering agent, and can be prepared by mixing the bicar- 

requ ire a large amount of bicarbonate or buffer in total. That bonate salt of the Group lA metal, preferably sodium 

is, unlike the prior art PPI solutions and administration bicarbonate, with water. Tbe concentration of the bicarboo- 

protocols outlined above, the formulation of the present ate salt of the Group lA metal in the composition generally 
invention is given in a single dose which does not require 20 ranges from approximately 5.0 percent to approximately 

administration of bicarbonate either before or after admin- 60.0 percent. Preferably, the concentration of the bicarbon- 

istration of the PPI. The present invention eliminates the ate salt of the Group lA metal ranges from approximately 7.5 

need to pre-or post-dose with additional volumes of water percent to approximately 10.0 percent. In a preferred 

and sodium bicarbonate. The amount of bicarbonate admin- embodiment of the present invention, sodium bicarbonate is 

istered via the single dose administration of the present 25 preferred salt and is present in a concentration of 

invention is less than tbe amount of bicarbonate adminis- approximately 8.4 percent. 

tered as taught in the prior art references cited above. More spedfically, the amount of sodium bicarbonate 
Preparation of Oral Liquids 8.4% used in the solution of the present invention is approxi- 
The liquid oral pharmaceutical composition of the present mately 1 mEq (or mmole) sodium bicarbonate per 2 mg 
invention is prepared by mixing omeprazole (Prilosec® ^ omeprazole, with a range of approximately 0.2 mEq 
AstraZeneca) or other proton pump inhibitor or derivatives (mmole) to 5 mEq (mmole) per 2 mg of omeprazole, 
thereof with a solution including at least one buffering agent In a preferred embodiment of the present invention, 
(with or without a parietal ceU activator, as discussed enterically-coated omeprazole particles are obtained from 
below). Preferably, omeprazole or other proton pump delayed release capsules (Priloscc(& AstraZeneca). 
inhibitor, which can be obtained from a capsule or tablet or Alternatively, omeprazole powder can be used. The enteri- 
obtained from the solution for parenteral administration, is cally coated omeprazole particles are mixed with a sodium 
mixed with a sodium bicarbonate solution to achieve a bicarbonate (NaHCOs) sohition (S.4%), which dissolves the 
desired final omeprazole (or other PPI) concentration. As an enteric coating and forms an omeprazole solution. Tbe 
example, the concentration of omeprazole in the solution omeprazole solution has pharmacokinetic advantages over 
can range from approximately 0.4 mg/ml to approximately standard time-released omeprazole capsules, including: (a) 
10.0 mg/ml. The preferred concentration for the omeprazole ^ more rapid drug absorbance time (about 10 to 60 minutes) 
in the solution ranges from approximately 1.0 mg/ml to following administration for the omeprazole solution versus 
approximately 4.0 mg/ml, with 2.0 mg/ml being the standard about 1 to 3 hours following administration for the enteric- 
concentration. For lansoprazole (Prevacid® TAP coated pellets; (b) the NaHCOj solution protects the ome- 
Pharmaceuticals, Inc.) the concentration can range from prazole from acid degradation prior to absorption; (c) the 
about 03 mg/ml to 10 mg/ml with the preferred concemra- 45 NaHCOj acts as an antacid while the omeprazole is being 
tion being about 3 mg/ml. absorbed; and (d) the solution can be administered through 
Although sodium bicarbonate is the preferred buffering an existing indwelling lube without clewing, for example, 
agent employed in the present invention to proteci the PPI nasogastric or other feeding mbes (jejunal or duodenal), 
against acid degradation, many other weak and strong bases including small bore needle catheter feeding tubes, 
(and mixtures thereoQ can be utilized. For the purposes of 50 AdditionaUy, various additives can be incorporated into 
this application, ""buffering agent" shall mean any pbarma- the inventive solution to enhance its stability, sterility and 
ceulically appropriaie weak base or strong base (and mix- isotonicily. Further, antimicrobial preservatives, 
nires thereof) that, when formulated or delivered with (e.g., antioxidants, chelating agents, and additional buffers can be 
before, during and/or after) the PPI, functions to subsian- added, such as ambidn. However, microbiological evidence 
tially prevent or inhibit the acid degradation of the PPI by shows that this formulation inherently possesses antimicro- 
gastric add sufiGcieni to preserve tbe bioavailability of the " bial and antifungal activity. Various antibacterial and anti- 
PPl administered, llie buffering agent is administered in an fungal agents such as, for example, parabens, chlorobutanol, 
amount sufiQcieni to substantially achieve the above func- phenol, sorbic acid, and the like can enhance prevention of 
tionality. Therefore, the buffering agent of the present the action of microorganisms. 

invention, when in the presence of gastric acid, must only In many cases, it would be desirable to include isotonic 

elevate the pH of tbe stomach sufiBciently to achieve agents, for example, sugars, sodium chloride, and tbe like, 

adequate bioavailabUity of tbe drug to effect therapeutic Additionally, thickening agents such as metbylcellulose are 

action. desirable to use in order to reduce the settling of the 

Accordingly, examples of buffering agents inchide, but omeprazole or other PPI or derivatives thereof from the 

are not limited to, sodium bicarbonate, potassium suspension. 

bicarbonate, magnesium hydroxide, magnesium lactate, 65 The liquid oral solution may further comprise flavoring 

magnesium glucomate, aluminum hydroxide, aluminum agents (e.g., chocolate, root beer or watermelon) or other 

hydroxide/sodium bicarbonate copredpitate, a mixture of an flavorings stable at pH 7 to 9, anti-foaming agents (e.g., 
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simethicone 80 mg, Myiioon®) and pariclal cell activators cessed spray dried residue of microcrysUUinc cellulose and 

(discussed below). a calcium, sodium alginate complex in which the calcium to 

The present invention further includes a pharmaceutical sodium ratio is in the range of about 0.40:1 to about 25:1. 

composition comprising omeprazole or other proton pump While AC-815 is comprised of 85% microcrystalline ccllu- 

inhibitor and derivatives thereof and at least one buffering s lose (MCXT) and 15% of a calcium, sodium alginate 

agent in a form convenient for storage, whereby when the complex, for purposes of the present invention this ratio may 

composition is placed into an aqueous solution, the compo- be varied from about 75% MCC to 25% alginate up to about 

sition dissolves yielding a suspension suitable for enteral MCC to 5% alginate. Depending on the particular 

administration to a subject. The pharmaceutical composition formulation and active ingredient, these two components 

is in a solid form prior to dissolution or suspension in an jq ^ present in approximately equal amounts or in 

aqueous solution. The omeprazole or other PPIs and buff- unequal amounts, and either may comprise from about 10% 

ering agent can be formed into a tablet, capsule, pcUets or to about 50% by weight of the tablet, 

granules, by methods well known to those dcilled in the art. The suspension tablet composition may, in addition to the 

The resultant omeprazole solution is stable at room tern- ingredients described above, contain other ingredients often 

perature for several weeks and inhibits the growth of bac- used in pharmaceutical tablets, including flavoring agents, 

teria or fimgi as shown in Example X below. Indeed, as sweetening agents, flow aids, lubricants or other common 

established in Example XIII, the solution maintains greater iMtt adjuvants, as will be apparent to those skilled in the 

than 90% of its potency for 12 months. By providing a art* Other disintegrants, such as crospbvidone and sodium 

pharmaceutical composition including omeprazole or other starch glycolate may be employed, although croscarmellose 

PPI with buffer in a solid form, which can be later dissolved sodium is preferred. 

or su^nded in a prescribed amount of aqueous solution to In addition to the suspension tablet, the solid formulation 

yield the desired concentration of omeprazole and buffer, the of the present invention can be in the form of a powder, a 

cost of production, shipping, and storage are greatly reduced tablet, a capsule, or other suitable solid dosage form (e.g., a 

as no liquids are shipped (reducing weight and cost), and pelleted form or an effervescing ublet, troche or powder), 

there is no need to refrigerate the solid form of the compo- which creates the inventive sohition in the presence of 

sition or the solution. Once mixed the resultant solution can 25 diluent or upon ingestion. For example, the water in the 

then be used to provide dosages for a single patient over a stomach secretions or water which is used to swallow the 

course of time, or for several patients. solid dosage form can serve as the aqueous diluent. 

Tablets and Other Solid Dosage Forms Compressed tablets are solid dosage forms prepared by 

As mentioned above, the formulations of the present compacting a formulation containing an active ingredient 

invention can also be manufactured in concentrated forms, ^od excipients selected to aid the processing and improve 

such as tablets, suspension tablets and effervescent tablets or the properties of the product. The term ""compressed tablet" 

powders, such that upon reaction with water or other diluent, generally refers to a plain, uncoated tablet for oral ingestion, 

the aqueous form of the present invention is produced for prepared by a single compression or by pre-compaction 

oral, enteral or parenteral administration. tapping foUowed by a final compression. 

The present pharmaceutical tablets or other solid dosage Such solid forms can be manufactured as is well known 
forms disintegrate rapidly in aqueous media and form an in the art. Tablet forms can include, for example, one or 
aqueous solution of the PPI and buffering agent with mini- more of lactose, mannitol, com starch, potato starch, micro- 
mal shaking or agitation. Such tablets utilize commonly crystalline cellulose, acacia, gelatin, colloidal silicon 
available materials and achieve these and other desirable dioxide, croscarmeUose sodium, talc, magnesium stearate, 
objectives. The tablets or other solid dosage forms of this 40 stearic acid, and other excipients, colorants, diluents, buff- 
invention provide for precise dosing of a PPI that may be of cring agents, moistening agents, preservatives, flavoring 
low solubility in water. They are particularly useful for agents, and pharmaceutically compatible carriers. Hie 
medicating children and the elderly and others in a way that manufacmring processes may employ one, or a combination 
is much more acceptable than swallowing or chewing a of, four estabUsbed methods: (1) dry mixing; (2) direct 
tablet. The tablets that are produced have low friability, 45 compression; (3) milling; and (4) non-aqueous granulation, 
making them easily transportable. Lachman et al.. The Theory and Practice 0/ Industrial 

The term "suspension tablets" as used herein refers to Pharmacy (1986). Such tablets may also comprise film 

compressed tablets which rapidly disintegrate after they are coatings, which preferably dissolve upon oral ingestion or 

placed in water, and arc readily dispcrsible to form a "P°° contact with diluent. 

suspension containing a precise dosage of the PPI. The Non-limiting examples of buffering agents which could 

suspension tablets of this invention comprise, in be utilized in such tablets include sodium bicarbonate, alkali 

combination, a therapeutic amount of a PPI, a buffering earth metal salts such as calcium carbonate, calcium 

agent, arxl a disinlegrant. More particularly, the suspension hydroxide, calcium lactate, calcium glycerophosphate, cal- 

tablets comprise about 20 mg omeprazole and about 1-20 cium acetate, magnesium carbonate, magnesium hydroxide, 

m£q of sodium bicarbonate. magnesium silicate, magnesium aluminate, aluminum 

Croscarmellose sodium is a known disintcgrant for tablet hydroxide or aluminum magnesium hydroxide. A particular 

formulations, and is available from FMC Corporation, ^^^Ji earth metal salt useful for making an antacid tablet is 

Philadelphia, Pa. under the trademark Ac-Di-Sol®. It is calcium carbonate. 

frequently blended in compressed tablet ing formulations An example of a low density alkali earth metal salt useful 

either alone or in combination with microcrystalline cellu- for making the granules according to the present invention 

lose to achieve rapid disintegration of the tablet. is extra light calcium carbonate available from Specialty 

Microcrystalline cellulose, alone or coprocessed with Minerals Inc., Adams, Me. The density of the extra light 

other ingredients, is also a common additive for compressed calciiun carbonate, prior to being processed according to the 

tablets and is well known for its ability to improve com- present invention, is about 0.37 gm/ml. 

pressibility of difEcult to compress tablet materials. It is The granules used to make the tablets according to one 
commercially available under the Avicel® trademark. Two 65 embodiment of the present invention are made by either 

different Avicel® products are utilized, Avicel® PH which is spray drying or pre -compacting the raw materials. Prior to 

microcrystalline cellulose, and Avicel® AC-815, a copro- being processed into granules by either process, the density 
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of the alkali earth melal salts useful io the present invention caitnn dioxide could be used in place of the combination of 

ranges from about 0.3 gm/ml to about 055 gm/ml, prefer- sodium bicarbonate and citric and tartaric adds, as long as 

ably about 0.35 gm/ml to about 0.45 gm/ml, even more the ingredients were suitable for pbannaoeutical use, and 

preferably about 037 gm/ml to about 0.42 gm/ml. result in a pH of about 6.0 or higher. 

Additionally, the present invention can be manufactured 5 „ ^j^^y ^e noted that it requires 3 molecules of NaHC03 

by utilizing miCTOiiized compounds m place of the granules (^^^ bicarbonate) to neutralize 1 molecule of citric add 

or powder. Micromzauon is the process by which sohd drug ^ 2 molecules of NaHC03 to neutralize 1 molecule of 

panic es are reduced m size. Since the disoluuon rate is .gn^i^ ^^d. It is desired that the approximate ratio of 

directly proportional to the surface area of the sohd, and i„g«dients is as follows Citric Add:Tartaric Add:Sodium 

reducing the particle size mcreasK the surface area, reduc- Bicarbonate-l:2:3.44 (by weight). This ratio can be varied 

mg the pariide size increases the dissohiuon rale. Alihough „nUnue to produ« an effective release of caibon 

microDization results m inaeased surface area possibly dioxide. For example, ratios of about 1:0:3 or 0:1:2 are also 

causmg particle aggregation, which can negate the benefit of effective. 

micronization and is an expensive manufacturing step, it -n. .u j r ■ r .u <r , c 

doeshave the significant benefit of increasing the dLolution ,. "le hod of preparation of the effervescent granules of 

rale of relaliveir vaier insoluble dnigs. such as omeprazole P"**" ^ ' ° T^ °^V^t ^^'^ '^V^ 

and other proton pump inhibitors. dry granulation, and fusion. TTie fusion method is uasd for 

TTie preieni invention also relates to administration kits to Sl^^Tn^r^ ■L'^^^^h^T.H ^^"^^'^^tfr^' 

r. , , , . . A 1 r SDOuld be noted Ibal alihough these methods are intended for 

ease nuxing and admmistraaon^ month's supply of pow- preparation of granulesTlbe fomiulalions of effervescent 

deror ablets for example can be packaged with a sep^^^^ salts of the preset invention could also be prepared as 

month's supply of diluent, and a re-usable PlasUc dosing 20 ^^^/^^ ^ technology for 

cup. More specifically, the package could contain thirty (30) j^^jj^j preparation 

suspension tablets containing 20 mg omeprazole each, IL ^ - - u 

sodium bicarbonate 8.4% solution, and a 30 ml dose cup. . Wet granulation is the oldest method of granule prepara- 

The user places the tablet in the empty dose cup, fills it to ^^?°* ^« individual steps in the wet granulation process of 

the 30 ml mark with the sodium bicarbonate, waits for it to 25 !?. * preparauon include millmg and sieving of the ingre- 

dissolve (gentle stirring or agitaUon may be used), and then f^^^ y^, po^dtr mixmg; wet massmg; granulation; and 

ingests the suspension. One skilled in the art will appreciate ™* gnndmg. 

that such kits may contain many different variations of the ^^y granulation involves compressing a powder mixture 

above components. For example, if the tablets or powder are into a rough tablet or "slug" on a heavy-duty rotary tablet 

compounded to contain PPI and buffering agent, the diluent P^ss. The slugs are then broken up into granular particles by 

may be water, sodium bicarbonate, or other compatible a grinding operation, usually by passage through an oscil- 

diluent, and the dose cup can be larger than 30 ml in size. lation granulaior. The individual steps inchide mixing of the 

Also, such kits can be packaged in unit dose form, or as powders; compressing (slugging); and grinding (slug rcduc- 

weekly, monthly, or yearly kits, etc. tion or granulation). No wet binder or moisture is involved 

Although the tablets of this invention are primarily ^ any of the steps, 

intended as a suspension dosage form, the granulations used The fusion method is the most preferred method for 

to form the tablet may also be used to form rapidly disin- preparing the granules of the present invention. In this 

tegrating chewable tablets, lozenges, troches, or swallow- method, the compressing (slugging) step of the dry granu- 

able tablets. Therefore, the intermediate formulations as well . lation process is eliminated. Instead, the powders are heated 

as the process for preparing them provide additional novel in an oven or other suitable soiu-ce of heat, 

aspects of the present invention. 40 ppis Administered with Parietal Cell Activators 

Effervescent tablets and powders are also prepared in Applicant has unexpectedly discovered that certain 

accordance with the present invention. Effervescent salts compounds, such as chocolate, calcium and sodium bicar- 

bave been used to disperse medicines in water for oral bonate and other alkaline substances, stimulate the parietal 

administration. Effervescent salts are granules or coarse cells and enhance the pharmacologic activity of the PPI 

powders containing a medicinal agent in a dry mixture, 45 administered. For the purposes of this application, "parietal 

usually composed of sodium bicarbonate, citric acid and cell activator" shall mean any compound or mixture of 

tartaric acid. When the salts are added to water, the acids and compounds possessing such stimulatory effect including, but 

the base react to liberate carbon dioxide gas, thereby causing not limited to, chocolate, sodium bicarbonate, calcium (e.g., 

"effervescence." calcium carbonate, calcium gluconate, calcium hydroxide. 

The choice of ingredients for effervescent granules, so calcium acetate and calcium glyceropho^hate), peppermint 

depends both upon the requirements of the manufacturing oil, spearmint oil, coffee, tea and colas (even if 

process and the necessity of making a preparation which decaffeinated), caffeine, theophylline, theobromioe, and 

dissolves readily in water. The two required ingredients are amino acids (particularly aromatic amino acids such as 

at least one acid and at least one base. The base releases phenylalanine and tryptophan) and combinations thereof 

carbon dioxide upon reaction with the acid. Examples of and the salts thereof. 

such acids include, but are not limited to, tartaric acid and Such parietal cell activators are administered in an 

citric acid. Preferably, the acid is a combination of both amount suflBcicnt to produce the desired stimulatory effect 

tartaric acid and du-ic acid. Examples of bases include, but without causing untoward side effects to patients. For 

are not limited to, sodium carbonate, potassium bicarbonate example, chocolate, as raw cocoa, is administered in an 

and sodium bicarbonate. Preferably, the base is sodium amount of about 5 mg to 2.5 g per 20 mg dose of omeprazole 

bicarbonate, and the effervescent combination has a pH of ^0 equivalent pharmacologic dose of other PPI). The dose 

about 6.0 or higher. of activator administered to a mammal, particularly a 

Effervescent salts preferably include the following human, in the context of the present invention should be 

ingredients, which actually produce the effervescence: sufBcient to effect a therapeutic response (i.e., enhanced 

sodium bicarbonate, ciuic acid and tartaric acid. When effect of PPI) over a reasonable time frame. TTie dose will be 
added to water the acids and base react to liberate carbon 65 determined by the strength of the particular compositions 

dioxide, resulting in effervescence. It should be noted that employed and the condition of the person, as well as the 

any acid-base combination which results in the liberation of body weight of the person to be treated. The size of the dose 
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also will be determined by the existence, nature, and extent 
of any adveise side effects that mighl accompany the admin - 
istratioo of a particular composition. 

The approximate effective ranges for various parietal cell 
activators per 20 mg dose of omeprazole (or equivalent dose 
of other PPI) art: 

Giocolate (raw cocoa)— 5 mg to 2^ g 

Sodium bicarbonate — 1 m£q to 25 m£q 

Calcium carbonate — 1 mg to 1.5 Gm 

Calcium gluconate — 1 mg to 1.5 Gm 

Calcium lactate — 1 mg to 1^ Gm 

Calcium hydroxide — 1 mg to 1^ Gm 

Calcium acetate— 03 mg to 1.5 Gm 

Calcium glycerophosphate — 0.5 mg to 15 Gm 

Peppermint oil--(powdcred form) 1 mg to 1 Gm 

Spearmint oil — (powdered form) 1 mg to 1 Gm 

Coffee— 20 ml to 240 ml 

Tea — 20 ml to 240 ml 

Cola— 20 ml to 240 ml 

Caffeine— 03 mg to 13 GM 

Theophylline — 0.5 mg to 1.5 GM 

Ilieobromine — 0.5 mg to 1.5 GM 

Phenylalanine — 03 mg to 13 GM 

Tryptophan — 0.5 mg to 13 GM 

Phaimaoeulically acceptable carriers arc well-known to 
those who arc skilled in the an. The choice of carrier will be 
determined, in part, both by the particular composition and 
by the particular method used lo administer the composition. 
Accordingly, there is a wide variety of suitable formulations 
of the pharmaceutical compositions of the present invention. 

EXAMPLE I 



20 



B. 10 mg Tablet Formula 



10 



15 



Omeprazole 



Calcium lactate 

CaJdum glyoeropbocphate 

Sodium bicaibooate 

Aspartame calcium (pbeoylalanise) 

CbUoidal silicDn dioxide 

Corn starch 

Croscannellosc sodium 

Dextrose 

Peppennint 

Maltodextiin 

Maimitol 

Prege latinized starch 



10 mg 
(or lansoprazde or 
pantoprazole or other PPI 
in an equipolent amount) 
]75 mg 
175 mg 
250 mg 
mg 
12 mg 
15 mg 
12 mg 
10 mg 
3 mg 
3 mg 
3 mg 
3 mg 
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C. 20 mg Tablet Formula 
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Omeprazole 



30 



35 



Calcium lactate 

Caidum glycerophosphate 

Sodium bicarbonate 

Aspartame calcium (phenylalanine) 

Colloidal silicon dioxide 

Com starch 

Croscarmellose sodium 

Dextrose 

Peppermint 

Maltodexirin 

Mannitol 

Pregelatinized starch 



20 mg 
(or lansoprazole or 
pantoprazole or other PPI 
in an equipotent amount) 
175 mg 
175 mg 
250 mg 
OS mg 
12 mg 
15 mg 
12 mg 
10 mg 
3 mg 
3 mg 
3 mg 
3 mg 



40 



45 



50 



A. Fasi DisiDicgrating Suspension Tablets of Omeprazole 

A fast disintegrating tablet is compounded as follows: 
Croscarmellose sodium 300 g is added to the vortex of a 
rapidly stirred beaker containing 3.0 kg of dcionized water. 
Tb^ slurry is mixed for 10 minutes. Omeprazole 90 g 
(powdered) is placed in tbe bowl of a Hobart mixer. After 
mixing, tbe slurry of croscarmellose sodium is added slowly 
to the omeprazole in tbe mixer bowl, forming a granulation 
which is then placed in trays and dried at 70^ C. for three 
hours. The dry granulation is then placed in a blender, and 
to it is added 1,500 g of AviccKSJ AC-815 (85% microcrys- 
tallinc cellulose coprocessed with 15% of a calcium, sodium 
alginate complex) and 1,500 g of Avicel® PH-302 
(microcrystalline cellulose). After this mixture is thoroughly 
blended, 35 g of magnesium stearate is added and mixed for 
5 minutes. The resulting mixture is compressed into tablets 
on a standard tablet press (Hala HS). These tablets have an 
average weight of about 1.5 g, and contain about 20 mg 55 
omeprazole. These tablets have low friability and rapid 
disintegration time. This formulation may be dissolved in an 
aqueous solution containing a buffering agent for immediate 
oral administration. 

Alteraativcly, the suspension tablet may be swallowed 
whole with a solution of buffering agent. In both cases, the 
preferred solution is sodium bicarbonate 8.4%. As a further 
alternative, sodium bicarbonate powder (about 975 mg per 
20 mg dose of omeprazole (or an equipotenl amount of other 
PPI) is compounded directly into the tablet. Such tablets arc 65 
then dissolved in water or sodium bicarbonate 8.4%, or 
swallowed whole with an aqueous diluent. 



D. Tablet for Rapid Dissolution 



Omeprazole 



Calcium lacute 
Calcium glycerophosphate 
Sodium bicarbonate 
Calcium hydroxide 
Croscarmellose sodium 



20 mg 
(or lansoprazole or 
pantoprazole or other PPI 
in ao equipotenl amount) 
375 mg 
175 mg 
500 mg 
50 mg 
12 mg 



E. Powder for Rcconsiiiution for Oral Use (or per 
tube). 



Omeprazole 



Calcium lactate 
Calcium glycerophosphate 
Sodium bicarbonate 
Calcium hydroxide 
Glycerine 



20 mg 
(or lansoprazole or 
pantoprazole or other PPI 
in an equipotenl amount) 
175 mg 
175 mg 
500 mg 
50 mg 
200 g 
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F. 10 mg Tablet Formula 



22 

EXAMPLE rv 



Omeprnzolc 


10 mg 




(or lansoprazole or 




pantoprazole or other PPl 




in an equtpoient amount) 


Calcium lactate 


175 mg 


Calcium glyceropbo^hate 


175 mg 


Sodium bicarbonate 


250 mg 


PolyctbylcDc glycol 


20 mg 


Croecarmellose sodium 


12 mg 


Feppennint 


3 mg 


Magnesium silicate 


1 mg 


Magnesium stearate 


1 mg 


G. 10 mg Tablet Formula 


Omeprazole 


10 mg 




(or lansoprazole or 




pantoprazole or other PPI 




in an equ^>otent amount) 


Calcium lactate 


200 mg 


Calcium glyceropfaosphate 


200 mg 


Sodium bicarbonate 


400 mg 


Croscarmellose sodium 


12 mg 


Pregelatinized starch 


3 mg 



10 



Effervescent Tablets and Granules 

The granules of one 20 mg PrilosedS* capsule were 
emptied into a mortar and triturated with a pestle to a fine 
powder. The omeprazole powder was then geometrically 
diluted with about 958 mg sodium bicarbonate USP, about 
832 mg citric acid USP and about 312 mg potassium 
carbonate USP to form a homogeneous mixture of efferves- 
cent omeprazole powder. This powder was then added to 
about 60 ml of water whereupon the powder reacted with the 
water to create effervescence. A bubbling solution resulted 
of omeprazole and principally the antacids sodium citrate 
and potassium citrate. The solution was then administered 
orally to one adult male subject and gastric pH was mea* 
sured using pHydrion paper. The results were as follows: 



15 



20 



25 



Time Interval 


pH Measured 


Immediately prior to dose 


2 


1 hour post dose 


7 


2 hours post dose 


6 


4 hours post dose 


6 


6 hours post dose 


5 


8 hours post dose 


4 



EXAMPLE 11 

Standard Tablet of PPI and Buffering Agent 

Ten (10) tablets were prepared using a standard tablet 
press, each tablet comprising about 20 mg omeprazole and 
about 975 mg sodium bicarbonate uniformly dispersed 
throughout the tablet. To test the dissolution rate of the 
tablets, each was added to 60 ml of water. Using previously 
prepared liquid omeprazole/sodium bicarbonate solution as 
a visual comparator, it was observed that each tablet was 
completely dispersed in under three (3) minutes. 

Another study usiag the tablets compounded according to 
this Example evaluated the bioactivity of the tablets in five 
(5) adult critical care patients. Each subject was adminis- 
tered one tablet via ng with a small amount of water, and the 
pH of ng aspirate was monitored using paper measure. The 
pH for each patient was evaluated for 6 hours and remained 
above 4, thus demonstrating the therapeutic benefit of the 
tablets in these patients. 

Tablets were also prepared by boring out the center of 
sodium bicarbonate USP 975 mg tablets with a knife. Most 
of the removed sodium bicarbonate powder was then tritu- 
rated with the contentsof a 20mg Prilosecig) capsule and the 
resulting mixture was then packed into the bole in the tablet 
and sealed with glycerin. 

EXAMPLE 111 
PPI Central Core Tablet 

Tablets are prepared in a iwo-slep process. First, about 20 
mg of omeprazole is formed into a tablet as is known in the 
art to be iiscd as a central core. Second, about 975 mg 
sodium bicarbonate USP is used to uniformly surroimd the 
central core to form an outer protective cover of sodium 
bicarbonate. The central core and outer cover are both 
prepared using standard binders and other excipients to 
create a finished, pharmaceutically acceptable tablet. 



One skilled in the art of pharmaceutical compounding' will 
appreciate that bulk powders can be manufactured using the 
above ratios of ingredients, and that the a powder can be 
pressed into tablets using standard binders and excipients. 
Such tablets are then mixed with water to activate the 
30 effervescent agents and create the desired solution. In 
addition, lansoprazole 30 mg (or an equipotent dose of other 
PPI) can be substituted for omeprazole. 

The effervescent powder and tablets can alternatively be 
formulated by employing the above mixture but adding an 
35 additional 200 mg of sodium bicarbonate USP to create a 
resulting solution with a higher pH. Further, instead of the 
excess 200 mg of sodium bicarbonate, 100 mg of calcium 
glycerophosphate or 100 mg of calcium lactate can be 
employed. Combinations of the same can also added. 

40 EXAMPLE V 

Parietal Cell Activator "Choco-Basc*™" Forniulations and 
EfGcacy 

Children are affected by gastroesophageal reflux disease 
(GERD) with atypical manifestations. Many of these atypi- 
45 cal symptoms are difiScult to control with traditional drugs 
such as Hs-antagonists, cisapride, or sucralfate. PPIs are 
more effective in controlling gastric pH and the symptoms of 
GERD than other agents. However, PPIs are not available in 
dosage forms that are easy to administer to young children. 
5Q To address this problem, applicant employed omeprazole or 
lansoprazole in a buffered chocolate suspension (Choco- 
Base, in children with manifestations of GERD. 

Applicant performed a retrospective evaluation of chil- 
dren with GERD referred to the University of Missouri- 
Columbia from 1995 to 1998 who received treatment with 
the experimental omeprazole or lansoprazole Choco-Base 
suspension formulated in accordance with Formulation 1 
staled below. Data were included on all patients with follow 
up information sufficient to draw conclusions about pre/post 
treatment (usually >6 months). There were 25 patients who 
met the criteria for this evaluation. Age range was several 
weeks to greater than 5 years. Most patients had a history of 
numerous imsuccessfiil attempts at ameliorating the effects 
of GERD. Medication histories indicated many trials of 
various drugs. 

The primary investigator reviewed all charts for unifor- 
mity of data collection. When insufEcieat data was available 
in the University charts, attempts were made to review 
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charts in the local primary cane physicians' offices for head of bed elcvalion 30°, avoidance of evening snacks, 

follow-up data. If information was stiU unavailable to avoidance of caffcinated beverages as well as cisapride and 

review, attempts were made to contact family for follow-up. ranitidine (Sec Graph 3 below). 

If data were still unavailable the patients were considered The proton pump inhibitor suspension used in this group 

ioevaluable. ^ of patients was Choco-Base suspension of either lansopra- 

PatieDt charts were reviewed in detail. Data noted were zoic or omeprazole. The dosing was very uniform, with 

dale of commencement of therapy, dale of termination of patients receiving doses of either lOor 20 mg of omeprazole 

therapy and any reason for termination other than response ^ 23 mg of lansoprazole. Initially, in April of 1996 when 

to treatment. Patient demographics were also recorded, as therapy was first instituted 10 mg of omeprazole was used, 
were any other medical illnesses. Medical ilbesses were jq ^^^^ ^''^ ^ patients in this early phase who were treated 

divided grossly into those that are associated with or exac- initially with 10 mg po qd of omeprazole. All three subse- 

erbate GERD and those that do not. quently were increased to either 20 mg po qd of omeprazole 

Patient charts were examined for evidence of response to °r ^3 mg po qd of lansoprazole. All remaining patients were 

therapy. As this was largely a referral population, and a 8^^^° ^"'^^^ ^0 mg omeprazole or the 23 mg lansopra- 

retrospective review, quantification of symptomatology f°^*= treatment qd. except in one case, where 30 mg of 

based on scores, office visits and ED visiu was difficuli. lansoprazole was used. Patien^ were mstructed to take their 

Therefore, applicant examined charts for evidence of an "^""l* I^^ft^^^ f '° "J""^^ 

overall change in patient symptoms. In spedfic, any dau to Suspensions were all filled through the University of Nte- 

point towards improvement, decline or lack of change were Pharmacy at Green Meadows. This allowed for track- 

wamined and recorded. ""^^ refilWala. 

Results ^ patients responded favorably to and tolerated the 

, * . once daily dosing of Choco-Base proton pump inhibitor 

A total of 33 pediatnc patients to date have been treated suspension. T^vo patients had documented adverse effects 

with the above-described suspension at the University of associated with the use of the PPI suspension. In one a 

Missouri— Columbia. Of the 33 patients. 9 were excluded patient, the mother reported increased burping up and 
from the study, all based upon msufficient data about ^ dyspepsia, which was thought to be related to treatment 

commencement, duration or outcome in treatment with PPI foijure. The other patient had smaU amounts of bloody stools 

therapy. This left 24 paUents with enough data to draw per mother. This patient never had his stool tested, as his 

conclusions. bloody stool promptly resolved upon cessation of therapy. 

Of the 24 remaining patients. 18 were males and 6 with no funher sequellac. The other 23 patients had no 
females. Ages at implementation of PPI therapy ranged firom ^ documented adverse effects. 

2 weeks of age to 9 years old. Median age at start of therapy Patients were categorized based on review of clinic notes 

was 26S months [mean of 37 mo.] Early on, reflux was and chart review into general categories: (1) improved; (2) 

usuaDy documented by endoscopy and confirmed by pH unchanged; (3) failed; and (4) inconchisive. Of 24 patients 

probe. Eventually. pH probe was dropped and endoscopy with sufficient data for follow up, 18 showed improvement 

was the sole method for documenting reflux, usually at the in symptomatology upon commencement of PPI therapy 

time of another surgery (most often T-lubes or [72%]. The seven who did not respond were analyzed and 

adenoidectomy). Seven patients had pH probe confirmation grouped. Three showed no change in symptomatology and 

of GERD, whereas 18 had endoscopic confirmation of reflux clinical findings while on therapy, one complained of wois- 

including all eight, who had pH probing done (See Graphs ening symptoms while on therapy, one patient had therapy 

1 and 2 below). Reflux was diagnosed on endoscopy most as prophylaxis for surgery, and two slopped therapy just 

commonly by cobblestoning of the tracheal wall, with 40 after its commencement (see graph 4). Setting aside the 

laryngeal and pharyngeal cobblestoning as findings in a few cases in which therapy was stopped before conclusions 

patients. Six patients had neither pH nor endoscopic docu- could be drawn and the case in which PPI therapy was for 

mentation of GERD. but were tried on PPI therapy based on purely prophylactic reasons, leaves (17/21) 81% of patients 

symptomatology alone. that responded to Choco-Base su^nsion. This means that 

Past medical history was identified in each chart. Ten 45 1 9% (4/21) of patients received no apparent benefit fix)m PPI 

patients had reflux -associated diagnoses. These were most therapy. Of aU these patients, only 4% complairsed of 

commonly cerebral palsy, prematurity and Pierre Robin worsening symptoms and the side effects were 4% (1/21) 

sequence. Other diagnoses were Charcot-Marie-Tootb aod were mild bloody stool that completely resolved upon 

disease. Velocardiofacial syndrome, Down syndrome and cessation of therapy. 

De George's syndrome. Non-reflux medical history was also 5Q Discussion. 

identified and recorded separately (See Table 2 below), GERD in the pediatric population is relatively common. 
Patients were, in general, referral patients from local family affecting almost 50% of newborns. Even though most 
practice clinics, pediatricians, or other pediatric health care infants outgrow physiologic reflux, pathologic reflux still 
professionals. Most patients were referred to ENT for upper affects approximately 5% of all children, throughout child- 
airway problems, sinusitis, or recurrent/chronic otitis media hood. Recently considerable data has pointed to reflux as an 
that had been refi-actory to medical therapy as reported by eiiologic factor in exira-esophageal areas. GERD has been 
the primary care physician. Symptoms and signs most attributed to sinusitis, dental caries, otitis media, asthma, 
commonly found in these patients were recorded and tallied. apnea, arousal, pneumonia, bronchitis, and cough, among 
All signs and symptoms were broken down into six major others. Despite the common nature of reflux, there seems to 
categories: (1) nasal; (2) otologic; (3) respiratory; (4) gas- have been little improvement in therapy for reflux, espc- 
trointestinal; (5) sleep-related; and (6) other. The most 60 ciaUy in the non-surgical arena. 

common problems fell into one or all of the first 3 categories jhe standard of therapy for the treatment of GERD in the 

(See Table 1 below). pediatric population has become a progression from conser- 

Most patients had been treated in the past with medical vative therapy to a combination of a pro-kinetic agent and 

therapy in the form of antibiotics, steroids, asthma mcdica- H-2 blocker therapy. Nonetheless, many patients fail this 

tions and other diagnosis-appropriate therapies. In addition, 65 treatment protocol and become surgical candidates. In 

nine of the patients had been on reflux therapy in the past, adults, PPI therapy is effective in 90% of those treated for 

most commonly in the form of conservative therapy such as gastroesophageal reflux disease. As a medical alternative to 
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the H-2 blockers, ihe proton pump inhibitors have not been 
studied extensively in the pediatric population. Part of the 
reason for this lack of data may be related to the absence of 
a suitable dosage formulation for this very young 
population, primarily uader 2 years of age, that does not 
swallow capsules or tablets. It would be desirable to have a 
true liquid formulation (solution or suspension) with good 
palatability such as is used for oral antibiotics, 
decongestants, antihistamines, H-2 blockers, cisapride, 
metoclopramide, etc. The use of lansoprazole granules 
(removed from the gelatin capule) and sprinkled on apple- 
sauce has been approved by the Food and Drug Adminis- 
U-ation as an alternative method of drug adminisu-ation in 
adults but not in children. Published data are lacking on the 
efficacy of the lansoprazole sprinkle method in children. 
Omeprazole has been studied for bioequivaleocc as a 
sprinkle in adults and appears to produce comparable serum 
concentrations when compared to the standard capsule. 
Again ix> data are available on the omeprazole sprii^e in 
children. An additional disadvantage of omeprazole is its 
taste which is quinine-like. Even when suspended in juice, 
applesauce or the like, the bitter nature of the medicine is 
easily tasted even if one granule is chewed. For this reason 
applicant eventuaUy progressed to use lansoprazole in 
Cboco-Base. Pantoprazole and rabeprazole are available as 
enteric-coated Ublels only. Currently, none of the proton 
pump inhibitors available in the United States are approved 
for pediatric use. There is some controversy as to what the 
appropriate dosage should be in this group of patients. A 
recent review by Israel D., et al. suggests that effective PPI 
dosages should be higher than that originally reported, i.e., 
from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toxicity 
with the PPl's is not seen even at >50 mg/kg, there appears 
little risk associated with the higher dosages. Based on 
observations at the University of Missouri consistent with 
the findings of this review, applicant established a simple 
fixed dosage regimen of 10 ml Cboco-Base suspension daOy. 
This 10 ml dose provided 20 mg omeprazole and 23 mg 
lansoprazole. 

In the ICU setting, the University of Missouri-Columbia 
has been using an unfavored PPI suspension given once 
daily per various tubes (nasogastric, g-tube, jejimal feeding 
tube, duo tube, etc.) for stress ulcer prophylaxis. It seemed 
only logical that if this therapy could be made into a 
palatable form, it would have many ideal drug characteris- 
tics for the pediatric population. First, it would be liquid, and 
therefore could be administered at earlier ages. Second, if 45 
made flavorful it could help to reduce noncompliance. Third, 
it could afford once daily dosing, also helping in reducing 
noncompliance. In the process, applicant discovered that the 
dosing could be standardized, which nearly eliminated dos- 
ing complexity. 

Cboco-Base is a product which protects drugs which are 
acid labile, such as proton pump inhibitors, from acid 
degradation. The first few pediatric patients with reflux 
prescribed Cboco-Base were sidcer patients. They bad been 
on prior therapy and bad been diagnosed both by pH probe 
and endoscopy. In the first few months, applicant treated 
patients with 10 mg of omeprazole qd (1 mgAcg) and found 
this to be somewhat ineffective, and quickly increased the 
dosing to 20 mg (2 mg/kg) of omeprazole. About halfway 
tbrougb the study, applicant began using lansoprazole 23 mg 
po qd. Applicant's standard therapy was then either 20 mg 
of omeprazole or 23 mg of lansoprazole once daily. The 
extra 3 mg of lansoprazole is related only to the fact that the 
final concentration was 2.25 mg/'ml, and applicant desired to 
keep dosing simple, so he used a 10 ml suspension. 

The patients that were treated represented a tertiary care 
center population, and they were inherently sicker and 
refractory to medical therapy in the past. The overall 72% 



success rate is slightly lower than the 90% success rates of 
PPIs in the adult population, but this can be attributed to the 
refractory nature of their illness, most having failed prior 
non-PPI treatment. The population in this study is not 
indicative of general practice populations. 



Conclusion. 



10 



PPI therapy is a beneficial therapeutic option in the 
treatment of reflux related symptoms in the pediatric popu- 
lation. Its once daily dosing and standard dosing scheme 
combined with a pdatable formulation makes it an ideal 
15 pharmacologic agent. 
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TABLE 1 


Syinptoms 


Patient Numbers 


Nasal: 


35 


Sunuitis 


7 


Congestion 


8 


Nasal discbaige 


26 


Other 


4 


Oblogic: 


26 


Otitis Media 


17 


Otonfaea 


9 


Re^imtoiy: 


34 


Cough 


10 


Wheeze 


11 


Respintory Distress: 


5 


Pneumonia 


2 


Other 


6 


Gastrointestinal: 


10 


Abdominal Pain 


1 


Refluz/Vbmiting 


4 


Other 


4 


Sleep Disturbances: 


11 


Other 


2 


TABLE 2 


Past Medical History 


Number of Patients 


Reflux Associated: 


12 


Premature 




Pierre-Robin 




Cerebral Palsy 




Down Syndrome 




Cbarcot-Marie-Tooth 




Velocardiofacial Syndrome 




Other Medical History 


32 


Cleft Palate 




Asthma 




Autism 




Seizure Disorder 




Diabetes Mellitus 




Subglottic Stenosis 




Tracheostomy Dependent 






FORMULAnON 3 


PART A INGREDIENTS 


AMOUNT (mg) 


Omeprazole 


200 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


1800 


Com Syrup Solids 


6000 


Sodiimi Caseinate 


1000 


Soy Lecithin 


150 
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-continued 



Sodium Chloride 


35 


Tricalcium PbosphaU 


20 


Dtpotassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium Stearoyl Lactylate 


5 


PART B INGREDIEhTTS 


AMOUMT (ml) 


Dif tilled Water 


100 



•continued 



COMPOUNDING INSTRUCTIONS 

Add Part B to Pan A to create t 
total volume of iq^roximaiely 130 
ml with as omeprazole coBcentretioD 
of about 1^ mg/mL 



FORMULATION 2 



PART A INGREDIENTS (mg) 



AMOUNT (mg) 



This fonnulatioo is reoonsiituied 
at the lime of use by a pharmacisL 
Part B is mixed fiist and is then 
unifonnly mixed with the oomponeots 
of Part A. A fual volume of about 
130 ml is created having an 
omeprazole concentration of about 
1.5 mg/ml. 



FORMULATION 4 



PART A INGREDIENTS (mg) 



AMOUNT (mg) 



Sucrose 


26000 


Cocoa 


1800 


Com Syrup Solids 


6000 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricaldiun Phosphate 


20 


Dipotasstum Phosphate 


12 


Silicon Dioxide 


5 


Sodium Stearoyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Sodium Bicarbonate 


8400 mg 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCTIONS 




Mix the constituents of Part B 




together thoroughly and then add to 




Part A. This results in a total 




volume of approximately 130 ml with 




an omeprazole concentration of 




about 1^ mg/ml. 




FORMULAnON 3 




PART A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


1800 


Com Syrtip Solids 


6000 


Sodium Caseinatc 


1000 


Soy Lecithin 


150 


Soditun Chloride 


35 


Tricalcitun Phosphate 


20 


Dipotassium Phosphate 


12 


SiUcoD Dioxide 


5 


Sodium Stearoyl Lactylaie 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCTIONS 



10 



15 



20 



25 



Sucrose 
Cocoa 

Con Syrap Solids 
Sodium Caseinate 
Soy Lecithin 
Sodium Chloride 
Tricalcium Phosphate 
D^>otassium Phosphate 
Silicon Dioxide 
Sodium Stearoyl Lactylate 



26000 
1800 
6000 
1000 
150 
35 
20 
12 
5 
5 



PART B INGREDIENTS 



AMOUNT 



E>ist31ed Water 
Sodium Bicarbonate 
Omeprazole 



300 ml 
8400 mg 
200 mg 



COMPOUNDING INSTRUCTIONS 

This formulation is reconstituted 
at the time of use by a pharmacist. 
Part B is mixed first and is then 
uniformly mixed with the components 
of Part A. A final volume of about 
130 ml is created having an 
omq)razole concentration of about 
IS mg/ml. 
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In all four of tbe above fonnulations, lansoprazole or 
other PPI can be substituted for omeprazole in equipotent 
amounts. For example, 300 mg of lansoprazole may be 
substituted for tbe 200 mg of omeprazole. Additionally* 
a^artame can be substituted for sucrose, and tbe following 
otfaer ingredients can be employed as carriers, adjuvants and 
excipients: maltodexuin, vanilla, carragreenan, mono and 
diglycerides, and lactated monoglyccndes. One skilled in 
the art will appreciate that not all of the ingredients are 
necessary to create a Cboco-Basc formulation that is safe 
and effective. 

Omeprazole powder or enteric coated granules can be 
used in each formulation. If tbe enteric coated granules are 
used, the coating is either dissolved by the aqueous diluent 
or inactivated by trituration in the compounding process. 

Applicant additionally analyzed the effects of a lansopra- 
zole Choco-Base fonnulation on gastric pH using a pH 
meter (Fisher Scientiiic) in one adult patient versus lanso- 
prazole alone. The patient was first given a 30 mg oral 
capsule of Prevacid®, and the patient's gastric pH was 
measured at 0, 4, 8, 12. and 16 hours post dose. The results 
are illustrated in FIG. 4. 

The Cboco-Basc product was compounded according to 
Formulation 1 above, except 300 mg of lansoprazole was 
used instead of omeprazole. A dose of 30 mg lansoprazole 
Choco-Base was orally administered at hour 18 post lanso- 
prazole alone. Gastric pH was measured using a pH meter at 
hours 18, 19. 24, 28. 32. 36, 40. 48, 52. and 56 post 
lansoprazole alone dose. 

FIG. 4 illustrates the lansoprazole/cocoa combination 
restilled in higher pH^ at hours 19-56 than lansoprazole 
alone, at hours 4-18. Therefore, tbe combination of the 
lansoprazole with chocolate enhanced tbe pharmacologic 
activity of the lansoprazole. The results establish that the 
sodium bicarbonate as well as chocolate flavoring and 
calcitim were all able to stimulate the activation of the 
proton pumps, perhaps due to the release of gastrin. Proton 
pump inhibitors work by fiinctionaUy inhibiting the proton 
pump and effectively block activated proton pumps 
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(primarily Ihosc inserted into the secretory canalicular ranitidine (Zantac®) continuous infusion intravenously 
membrane) By further administering the proton pump (150 mg/24 houis)xfivc days SlZS.SO- 
inhibitor with one of these activators or enhancers, there is ' 
a synchronization of activation of the proton pump with the cimetidine (Tagamet®) continuous infusion intravenously 
absorption and subsequent parietal cell concentrations of the 5 (900 mg/24 hours)xfive days $109.61; 
proton pump inhibitor. As illusUated in FIG. 4, this combi- „.^,if,,^ ci,.^» f a / \ * u 
nation produced a much longer pharmacologic effect than ^'''^'^^f kiTc^^a ^"^^ 
when the proton pump inhibitor was administered alone. "^^^ $73.00; and 

EXAMPLE VI buffered omeprazole solution regimen per (ng) tubexfive 

JO days $65.70. 

Combination Tablet Delivering Bolus and Time-released rtds example iUustrales the efiScacy of the buffered ome- 

i^f ° . . . , prazole solution of the present invention based on the 

Tabletswerccompoundedusmgknownmethodsbyform. increase in gastric pH, safety and cost of the buffered 

nin"" "'^J^^'^'^u^ u ^"'^^PJ^^^^ P°^d^^ mixed with omeprazole solution as a method for SRMD prophylaxis 
750 mg sodium bicarbonate, and an outer core of 10 mg ^ j^iupu/mAia. 

omeprazole enteric-coated granules mixed with known 

binders and excipients. Upon ingestion of the whole tablet, 

the tablet dissolves and the inner core is dispersed in the 

stomach where it is absorbed for immediate therapeutic EXAMPLE VIII 

effect. The enteric-coated granules are later absorbed in the 

duodenum to provide symptomatic relief later in the dosing 

cycle. This tablet is particularly useful in patients who 

experience breakthrough gastritis between conventional Effect on pH 

doses, such as while sleeping or in the early moming hours. 



EXAMPLE VII 25 



Experiments were carried out in order to determine the 



Therapeutic Application effect of the omeprazole solution (2 mg omcprazole/1 ml 

Patients were evaluable if they met the following criteria: NaHCOj — 8.4%) administration on the accuracy of subse- 

had two or more risk factors for SRMD (mechanical quent pH measurements through a nasogastric tube. 

ventilation, head injury, severe bum, sepsis, multiple, 

trauma, adult respiratory distress syndrome, major surgery, ^° 

acute renal failure, multiple operative procedures, After preparing a total of 40 mg of buffered omeprazole 

coagulotherapy, signiScant hyportension, acid-base ;« th* fr^ \ni a a • 

disorder, and hV^ atic failure), gastric pH of ^ 4 prior to smdy ° ^ manner of Example VII. doses were admin- 

entry, and no c^ncomitani prophylaxis for SRMD. ^^^^'^ ^^y^ ^"'^S*^ ^ nasogastnc (ng) 

Tlie omeprazole solution was prepared by mixing 10 ml ^5 Nasogastric tubes from nine different institutions were 

of 8.4% sodium bicarbonate with the contents of a 20 mg B^^ncrtd for an evaluation. Artificial gastric fluid (gQ was 

capsule of omeprazole (Merck & Co.. Inc., West Point. Pa.) prtp&nd accordmg to the USR pH recordings were made in 

to yield, a solution having a final omeprazole concentration triplicate using a Microcomputer Portable pH meter model 

of 2 mg/ml. 6007 (Jenco Electronics Ltd., Taipei. Taiwan). 

Nasogastric (ng) tubes were placed in the patients and an ^ 
omeprazole dosage protocol of buffered 40 mg omeprazole 

solution (2 mg omeprazole/1 ml NaHCOs — 8.4%) followed First, the terminal portion (tp) of the nasogastric tubes was 

by 40 mg of the same buffered omeprazole soluiion in eight placed into a glass beaker containing the gastric fluid. A 5 ml 

hours, then 20 mg of the same buffered omeprazole solution aliquot of gastric fluid was aspirated through each tube and 

per day. for five days. After each buffered omeprazole 45 the pH recorded; this was called the "pre-omeprazole 

solution admmistralion, nasogastnc sucuon was turned off solution/suspension measurement." Second, the terminal 

lor thirty mmuies, .• /. n r i_ ^ . • ^ 

... 1 ui All poruon (tp) of each of the nasogastnc uibes was removed 

Eleven patients were evaluable. Al patients were wl.i,. , ■ « • j j 1 j • * 

mechanically ventilated. Two hours after the initial 40 mg ?f ^ \fj """^ '""^ f^^'^f *° """^^^^ 

dose of buffered omeprazole soluiion. all patients had an 50 ^"^^"^^ ^^^^ of omeprazole soluuon was deliv- 

increase in gastric pH to greater than eight as shown in FIG. through each of the nasogastnc mbes and flushed with 

1. Ten of the eleven patients maintained a gastric pH of ™* of tap water. The tenninal portion (tp) of eadi of the 

greater than or equal to four when administered 20 mg nasogastric tubes was placed back into the gastric fluid, 

omeprazole solution. One patient required 40 mg omepra- After a one hour incubation, a 5 ml aliquot of gastric fluid 

zole solution per day (closed head, injury, five total risk was aspirated through each nasogastric tube and the pH 

factors for SRMD). Two patients were changed to omepra- ' recorded; this was called the "after first dose SOS 

zole solution after having developed clinically significant [Simplified Omeprazole Soluiion] measurement.'' Third, 

upper gastroinlesimal bleeding wtolereceivi^^ 3^^^ ^ bour had passed, the second step was 

mtravenousHs-anlagonistS-Bleedmg subsided in both cases . , ... n j TT J^j^ ^JT^Z 

after twenty-four hours, ainically^ignificani upper gas- rT r^^ '?"'c 7^'' ""^"^ 1T \J 

trointestinal bleeding did not occur in the other nine patients, [Simplified Omeprazole Solution] measurement.'' Id addi- 

Overall mortality was 27%. mortality attributable to upper *° pre-omeprazole measurement, the pH of the 

gasu-ointcstinal bleeding was 0%. Pneumonia developed in gastric fluid was checked in triplicate after the second and 

one patient after initiating omeprazole therapy and was ^^^^ steps. A change in the pH measurements of 03 

present upon the initiation of omeprazole therapy in another units was considered significant. The Friedman test was used 

patient. The mean length of prophylaxis was five days. 65 to compare the results. The Friedman test is a two way 

A pharmacoeconomic ana lysis revealed a difference in the analysis of variance which is used when more than two 

total cost of care for the prophylaxis of SRMD: related samples are of interest, as in repealed measurements. 
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The results of these experiments are outlined in Table 1. 

TABLE 1 





ngl 


og2 


ng3 


ng4 


ng5 


ag6 


Qg7 


ng8 


ag9 


Pre SOS 


13 


13 


13 


13 


13 


13 


13 


13 


13 


[2]gfP 
l^dosc 


IJ 


13 


13 


13 


13 


13 


13 


13 


13 


l.>*-cbeck of ig pH 




















[3lgfp 
2"' Dose 




1 3 


1.4 


1.4 


1.4 


13 


1.4 


33 


13 


13«-check of gf pH 





















SOS pH « 9.0 



IS 



Table 1 illustrates the results of the pH measurements that University of Missouri Hospital with an intact stomach, a 

were taken during the course of the experiment. These nasogastric tube in place, and an anticipated intensive care 

results illustrate that there were no statistically significant unit stay of at least forty-eight hours were considered for 

latent effects of omeprazole solution administration (per inclusion in the study. To be included patients also had lo 

nasogastric tube) on the accuracy of subsequent pH mea- 20 have a gastric pH of <4, had to be mechanicaUy ventilated 

surements obtained through the same nasogastric mbe. and have one of the following additional risk factors for a 

EXAMPLE IX minimum of twenty-four hours after initiation of omeprazole 

suspension: head injury with altered level of consciousness. 

Efficacy of Buffered Omeprazole Solution in Ventilated extensive burns (>20% Body Surface Area), acute renal 

Patients 25 ^^^ilure, acid-base disorder, multiple trauma, coagulopathy, 

Experiments were performed in order to determine the multiple operative procedures, coma, hypotension for longer 

efiBcacy, safety, and cost of buffered omeprazole solution in sepsis (see Table 2). Sepsis was defined as 

mechanically ventilated critically ill patients who have at the presence of invasive, pathogenic organisms or their 

least one additional risk factor for stress-related mucosal in blood or tissues resulting in a systematic response 

damage ^"^^ included two or more of the following: temperamre 

Patients: Seventy-five adult, mechanically ventilated f n t'^!!)^-^! " ° ''^'^ u"' ''l!!^^ 

patients with at least one additional risk factor for stress- 2?^*^? O w'f^Yn ?7 breaths 

related mucosal damage. T "!^' i*" 

I . ,• n .■ . • J , , , count greater than 12,000 or less than 4,000 cells/mm^ or 

In erventions: Patients received 20 ml omeprazole solu- „oie tian 10 perccntbands (Bone, Le.'s Agree on Termi- 

tion (prepared as per Example VII and containmg 40 mg of noiocv Definiiions nf rrii p.iCm.h io. 

omeprazole) im.iall>^ foUowed by a seoond 20 ^1 dose'six « ("g^j. f^uST^^L'l^^ntSnisnher^^^^^^^^^^ 

to eight houre later, then 10 ml 20 mg) daily. Omeprazole I, experienced an adverse evem while receiviS 

sohiuon according to the present mvenuon was adminisiered H.-antagoniW^ therapy were also inchided. ^ 

through a nasogastric tube, followed by 5-10 ml of tap Vatients were excluded from the study if they were 

water. The nasogastric tube was clamped for one to two r<.^*«««« i . u *i- ^ * 

hours after each administration. ^ 40 3„'^l",'"*"'f,''' *^f°^ "ISf g'«'"'= 

. XM • . tube; were likely to swallow blood (e.g., facial and/or smus 

Measurements and Mam Results: The primary outcome fracnires, oral lacerations); had severe thrombocytopenia 

measure was chmcally sigmficant gastromtestmal bleeding (phtclet count less than 30,000 ceUs/mm^ ; were receiving 

delenpmed by endoscopic evaluation, nasogastric aspirate enteral feedings through the nasogastric tube; or had a 

examinauon, or hcme-positivc coffee ground material that history of vagotomy, pyloroplasty, or gastroplasty. In 

did not dear with lavage and was assoaaled with a five 45 addition, patients with a gastric pH above four for forty- 

percent decreaK m hematocrit. Secondary eflScacy measures eight hours after ICU admission (without, prophylaxis) were 

were gastnc pH measured four bours ^ter omeprazole was not eligible for participation. Patients who developed bleed- 

first administered, mean gastnc pH after omeprazole was ing within the digestive tract that was not stress-related 

started, and the lowest gastnc pH dunng omeprazole mucosal damage (e.g., endoscopically verified variceal 

therapy. Safety-relatcd outcomes included the incidence of 50 bleeding or Mallory-Wciss tears, oral lesions, nasal tears due 

adverse events and the incidence of pneumonia. No patient (o placement of the nasogastric tube) were excluded from 

experienced chmcally significant upper gastrointestinal the efBcacy evaluation and categorized as having non-stress- 

bleeding after receiving omeprazole suspension. The four- related mucosal bleeding. The reason for this exclusion is 

hour post omeprazole gastnc pH was 7.1 (mean), the mean the confounding effect of non-stress-related mucosal bleed- 

gastnc pH after starting omeprazole was 6.8 (mean) and the ing on eflBcacy-rclated outcomes, such as the use of naso- 

lowest pH after starting omeprazole was 5.6 (mean). The gastric aspirate inspection to define clinicaUy significant 

mcidence of pneumonia was twelve percent. No pauenl in upper gastrointestinal bleeding 

this bigh-risk population experienced an adverse event or a Study Dnig Administration: Omeprazole solution was 

dnig interaction that was attn-buiable to omeprazole. prepared immediately before administration by the patient's 

Conclusions: Omeprazole solution prevented clinically nurse using the following instructions: empty the contents of 

significant upper, gastrointestinal bleeding and maintained one or two 20 mg omeprazole capsule(s) into an empty 10 

gastric pH above 5.5 in mechanically ventilated critical care ml syringe (with 20 gauge needle in place) from which the 

patients without producmg toxicity. plunger has been removed. (Omeprazole delayed-release 

Matenals and Methods capsules, Merck & Co., Inc., West Point, Pa.); replace the 

The study protocol was approved by the Institutional plunger and uncap the needle; withdraw 10 ml of 8.4% 
Review Board for the University of Missouri at Columbia. 65 sodium bicarbonate solution or 20 ml if 40 mg given (Abbott 

Study Population: All adult (>18 years old) patients Laboratories, North Chicago, 111.), to create a concentration 

admitted to the surgical intensive care and bum unit at the of 2 mg omeprazole per ml of 8.4% sodium bicarbonate; and 
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allow tbe enteric coaled pellets of omeprazole to completely confusion), costs associated with clinically significant upper 

breakdown, 30 minutes (agitation is bclpful). Tbe omepra- gastrointestinal bleeding. Toul drug cost was calculated by 

zoic in the resultant preparation is partially dissolved and adding the average institutional costs of omeprazole 20 mg 

partially suspended. Tbe preparation should have a milky capsules, 50 ml sodium bicarbonate vials, and 10 ml 

white appearance with fine sediment and should be shaken syringes with needle; nursing time (drug adminisu-ation, pH 

before adminisualion. The solution was not administered monitoring; pharmacy time (drug preparation); and dis- 

wiib acidic substances. A high pressure liquid chromatog- posal costs. Costs associated with clinically significant 

raphy study was performed that demonstrated that this upper gastrointestinal bleeding included endoscopy charges 

preparation of simplified omeprazole suspension maintains and accompanying consultation fees, procedures required to 

>90% potency for seven days at room temperature. This slop the bleeding (e.g., surgery, hemostatic agents, endo- 

preparation remained free of bacterial and fungal conlami- lo soopic procedures), increased hospital length of stay (as 

nation for thirty days when stored at room temperature (See assessed by the attending physician), and cost of dru^ used 

Table 5). to ireal the gastrointestinal bleeding. 

The initial dose of omeprazole solution was 40 mg. Statistical Analysis: The paired t-test (two-tailed) was 

followed by a second 40 mg dose six to eight hours later, used to compare gastric pH before and afiier omeprazole 

then a 20 mg daily dose administered at 8:00 AM. Each dose jj solution administration and lo compare gasuic pH before 

was administered through the nasogastric tube. The naso- omeprazole solution adminisuation with the mean and low- 

gasuic tube was then flushed with 5-10 ml of tap water and est gastric pH value measured after beginning omeprazole, 

clamped for at least one hour. Omeprazole therapy was Results: 

continued until there was no longer a need for stress ulcer Seventy-seven patients met the inclusion and exclusion 

prophylaxis (usually after tbe nasogastric tube was removed criteria and received omeprazole solution (See FIG. 2). Two 

and the patient was taking water/food by mouth, or after the patients were excluded from the efficacy evaluation because 

patient was removed from mechanical ventilation). the protocol for omeprazole administration was not fol- 

Primary Outcome Measures: The primary outcome mea- lowed. In one case, the omeprazole enteric-coated pellets 

sure in this study was the rate of clinically significant had not completely broken down prior to the administration 

stress-related mucosal bleeding defined as endoscopic cvi- of the first two doses, which produced an erratic effect on 

dencc of stress-related mucosal bleeding or bright red blood 25 gastric pH. The gastric pH increased to above six as soon as 

per nasogasuic tube that did not clear after a 5 -minute lavage Sic patient was given a dose of omeprazole solution (in 

or persistent Gaslroccult (SmiihKline Diagnostics, which the enteric coated pellets of omeprazole had been 

Sunnyvillc, Calif.) positive coffee ground material for four allowed to completely breakdown), 

consecutive hours that did not clear with lavage (at least 100 The reason for the second exclusion was that nasogastric 

ml) and produced a 5% decrease in hematocrit. 30 suctioning was not turned off after the omeprazole dose was 

Secondary Outcome Measures: Tbe secondary efficacy administered. This resulted in a u-ansicnt effect on gastric 

measures were gastric pH measiued four hours after ome- pH. The suction was turned off with subsequent omepratzole 

prazole was administered, mean gastric pH after starting doses, and control of gastric pH was achieved, TWo patients 

omeprazole and lowest gasuic pH during omeprazole were considered efficacy failures because omeprazole failed 

administration. Gastric pH was measured immediately after 35 to maintain adequate gastric pH control on the standard 

aspirating gastric contents through the nasogastric tube. pH omeprazole 20 mg/day maintenance dose. When the omc- 

paper (pHydrion improved pH papers, Microessential prazole dose was increased to 40 mg/day (40 mg once/day 

Laboratory, Brooklyn, N.Y) was used to measure gastric or 20 mg twice/day), gastric pH was maintained above four 

aspirate pH. The pH range of tbe lest strips was 1 to 11, in in both patients. These two patients were included in the 

increments of one pH unit. Gastric pH was measured before safety and efficacy evaluations, including the gastric pH 

the initiation of omeprazole solution therapy, immediately ^ analysis. After the two patients were declared faflures, their 

before each dose, and every foiu hours between doses. pH values were no longer followed. 

Other secondary outcome measures were incidence of The ages of the remaining seventy-five patients ranged 

adverse events (including drug interactions) and pneumonia. from eighteen to eighty-seven years; forty-two patients were 

Any adverse event that developed during the study was male and thirty-three were female. All patients were 

recorded. Pneumonia was defined using indicators adapted 45 mechanically ventilated during the study. Table 2 shows the 

from the Centers for Disease Prevention and Control defi- fi-equency of risk factors for stress-related bleeding that were 

nition of nosocomial pneumonia (Gamer et al., 1988). exhibited by the patients in this study. The most common 

According to these criteria, a patient who has pneumonia is risk factors in this population were mechanical venlflation 

one who has rales or dullness to percussion on physical and major surgery. Tbe range of risk factors for any given 
examination of the chest or has a chest radiograph that 50 patient was two to ten, with a mean of 3 (±1) (standard 

shows new or progressive infiltraie(s), consolidation, deviation). Five patients enroDed in the study had developed 

cavitation, or pleural effusion and has at least two of the clinically significant bleeding while receiving continuous 

following present: new purulent sputum or changes in infusions of ranitidine (150 mg/24 hr) or cimetidine (900 

character of the sputum, an organism isolated fi-om blood mg/24 hr). In all five cases, the bleeding subsided and the 

culture, fever or leukocytosis, or evidence of infection firom gasUic pH rose to above five within thirty-six hours after 

a protective specimen brush or broncboalveolar lavage. initiating omeprazole therapy. Three patients were enrolled 

Patients who met the criteria for pneumonia and were after having developed two consecutive gastric pH values 

receiving antimicrobial agents for the treatment of pneumo- below three while receiving an H;-antagonist (in the doses 

nia were included in the pneumonia incidence figure. These outlined above). In all three cases* gastric pH rose to above 

criteria were also used as aii initial screen before the first five within four hours after omeprazole therapy was inili- 

dose of study drug was administered to determine if pneu- atcd. Four other patients were enrolled in this study after 

naonia was present prior to the start of omeprazole suspen- experiencing confusion (n-2) or thrombocytopenia (n-2) 

sioD- during H^-antigens therapy. Within thirty-six hours of 

Cost of Care Analysis: A pharmacoeconomic evaluation switching therapy, these adverse events resolved, 

of stress ulcer prophylaxis using omeprazole solution was Stress-related Mucosal Bleeding and Mortality: None of 
perforined. The evaluation included total drug cost 65 the sixty-five patients who received buffered omeprazole 

(acquisition and administration), actual costs associated with solution' as their initial prophylaxis against stress-related 

adverse events (e.g., psychiatry consultation for menial mucosal bleeding developed overt or clinically significant 
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Upper gastroiiitestmal bleeding, la four of tbe five patients 
who had developed upper gastrointestinal bleeding before 
study entry, bleeding diminished to the presence of occult 
blooid only (Gastroccult-posiiive) within eighteen hours of 
starting omeprazole solution; bleeding stopped in all patients 
within thirty-six hours. The overall mortality rate in this 
group of criticaDy ill patients was eleven percent. No death 
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patients at risk and, therefore, it was thought to be unethical 
to include a placebo group in this study. No clinically 
significant upper gastrointestinal bleeding occurred during 
omeprazole solution therapy. Gastric pH was maintained 
above 4 on omeprazole 20 mg/day in seventy-three of 
seventy-five patients. No adverse events or drug interaction 
associated with omeprazole were encountered. 



TABLE 2 



Mecfa 
Vent 


Major 
Sui;gery 


Multi- 
tiauma 


Head 
Injury 


Hypo, 
tension 


Renal 
Failure 


Sepsis 


Multiple 
Operation 


Acid/ 

Base CoDia 


Li\*er 

Failure Bum 


75 


61 


35 


16 


14 


14 


14 


12 


10 4 


2 2 



Risk Eactois present in patients in this study (n - 75) 



was attributable to upper gastrointestinal bleeding or the use 
of omeprazole solution. 

Gastric pH: The mean (±standard deviation) pre- 
omeprazole gastric pH was 3.5±1.9. Within four hours of 
omeprazole administration, the gastric pH rose to 7.1 ±1.1 
(See FIG. 3); this difference was significant QxO.OOl). The 
differences between pre-omeprazole gastric pH and the 
mean and lowest gastric pH measurements during omepra- 
zole administration (6.8±0.6 and 5.6±1.3, respectively) were 
also statistically significant (p<0.001). 

Safety: Omeprazole solution was well tolerated in this 
group of critically ill patients. Only one patient with sepsis 
experienced an adverse event that may have been drug- 
related thrombocytopenia. However, the platelet count con- 
tinued to fall after omeprazole was slopped. The platelet 
count then returned to normal despite reinstitution of ome- 
prazole therapy. Of note, one patient on a jet ventilator 
continuously expeUed all liquids placed in her stomach up 
and out through ber mouth, and thus was unable to continue 
on omeprazole. No. clinically, significant drug interactions 
with omeprazole were noted during the study period. As 
stated above, metabolic alkalosis is a potential concern in 
patients receiving sodium bicarbonate. However, the amount 
of sodium bicarbonate in omeprazole solution was smaU (12 
m£q/10 ml) and no electrolyte abnormalities were foimd. 

Pneumonia: Pneumonia developed in nine (12%) patients 
receiving omeprazole solution. Pneumonia was present in an 
additional five patients before the start of omeprazole 
therapy. 

Pharmaooeconomic evaluation: The average length of 
treatment was nine days. The cost of care data are listed in 
Tables 3 and 4. The costs of drug acquisition, preparation, 
and delivery for some of the traditional agents used in the 
prophylaxis of stress-related upper gastrointestinal bleeding 
are listed in Table 3. There were no costs to add firom toxicity 
associated with omeprazole solution. Since two of seventy- 
five patients required 40 mg of omeprazole solution daily to 
adequately control gastric pH, the acquisition/preparation 
cost should reflect this. The additional 20 mg of omeprazole 
with vehicle adds seven cents per day to the cost of care. 
Therefore, tbe daUy cost of care for omeprazole solution in 
the prophylaxis of stress-related mucosal bleeding was 
$12.60 (See Table 4). 

Omeprazole solution is a safe and effective therapy for tbe 
prevention of clinically significant stress-related mucosal 
bleeding in critical care patients. Tbe contribution of many 
risk factors to stress-related mucosal damage has been 
challenged recently. All of the patients in this study had at 
least one risk factor that has clearly been associated with 
stress-related mucosal damage — mechanical ventilation. 
Previous trials and data from a recently published study 
show that stress ulcer prophylaxis is of proven benefit in 
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20 



Per day 



25 



30 



RAI^fmPTNE (day'9) 
R&ntidiike 

Ancillary Product (1) 
Ancillary Product (2) 
Ancillary Product (3) 
Sterile Prep required 
R.N. time ($24/hT) 

R.Ph. lime, hood maim. 
Pump cost 
TOTAL far 9 days 
RANITIDINE Cost per day 
aMEnPINE (day 1-9) 



150 mg/24 hr 
Piggyback (60%) 
micro tubing (etc) 
alter 
yes 

20 minutes/day (includes pH 

moniioiing) 

3 minutes (S40/hT) 

$29/24 hrs x 50%) 



6.15 
0.75 
2.00 
.40 

8.00 

2.00 
14.50 
304.20 
33.80 



40 



45 



50 



Cimetiditte 


900 mg/24 hr 


3.96 


Andllaiy Product (1) 


Piggyback 


1.25 


Ancillary Product (2) 


micro tubing (etc) 


2.00 


Ancillary Product (3) 


fUter 


.40 


Sterile Prep required 


yes 




R.N. lime (S24/hr) 


20 minutes/day (includes pH 


8.00 


R.Ph. lime, hood mainL 


monitoring) 




?ump cost 


3 minutes (S40/hj) 


2.00 


TOTAL for 9 days 


$29/'24 hrs x 50%) 


14.50 


OMETIDINE Cost per day 




288.99 


SUCRALFAra (day 1-9) 




32.11 


Sucralfate 


1 Gm X 4 


2.40 


Ancillary Produa (1) 


syringe 


.20 


Sterile Prep required 


no 




R.N. time ($24/hr) 


30 minutes/day (includes pH 


12.00 




monitoring) 




TOTAL for 9 days 




131.40 


SUCRALFATE Cost per day 




14.60 


Note: Docs not include the cost of failure and'or adverse eSecl. 



Acquisition, preparation and delivery cosu of traditional agents. 
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EXAMPLE X 

Bacteriostatic and Fungistatic Effects of Omeprazole 
Solution 

The antimicrobial or bacteriostatic effects of tbe omepra- 
zole solution were analyzed by applicant. An omeprazole 
solution (2 mg/ml of 8.4% sodium bicarbonate) made 
according to the present invention was stored at room 
temperature for four weeks and then was analyzed for fungal 
and bacterial growth. Following four weeks of storage at 
room temperature, no bacterial or fungal growth was 
detected. 

An omeprazole solution (2 mg/ml of 8.4% sodium 
bicarbonate) made in accordance with the present invention 
was stored at room temperature for twelve weeks and then 
was analyzed for fungal and bacterial growth. After twelve 
weeks of incubation at room temperature, no hingal or 
bacterial growth was detected. 
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The results of these experiments illustrate the bacterio- ability will be assessed by the 90% confidence interval of the 

sutic and fungistatic characteristics of the omeprazole solu- two one-sided tests on the natural logarithm of AUC 

tion of the present invention. ^^^^ 

EXAMPLE XI Omeprazole and internal sundard (H 168/24) will be used. 

_. . , , Omeprazole and internal standard will be measured by 

Biocquivalcncy Study modification of the procedure described by Amantea and 

Healthy male and female study participants over the age Narang. (Amantea Mass., Narang PK. Improved Procedure 

of 18 will be randomized to receive omeprazole in the for Quantification of Omeprazole and Metabolites Usiiig 

following forms: Rcvcrsed-Phased High Performance Liquid Chromoiogra- 

(a) 20mgof a liquid formulation of approximately 20 mg. phy. J. Chromatography 426; 216-222. 1988). Briefly, 20 ul 
omeprazole in 4.8.mEq sodium bicarbonate qs to 10 ml omeprazole 2 mg/ml NaHCOj or Chooo-Base omepra- 
witb water, suspension and 190 ul of the internal standard are 

(b) 20 mg of a liquid formulation of approximately 2 mg H?""*^ "^i ^/ ^ 
omeprLle perl ml of 8.4% sodium bicarbonate. dichlorocihane 5 ml of h^^^^^ 

/ X T>_-i / 1 X -1^ After the sample IS centnruged, the orgamc layer is extracted 

(c) Prilosec® (omeprazole) 20 mg capsule; and dried over a nitrogen stream. Each peUet is reconstituted 

(d) Capsule prepared by inserting the contents of an with 150 ul of mobile phase (40% methanol, 52% 0.025 
omeprazole 20 mg capsule into a #4 empty gelatin phosphate buffer, 8% acetonitrile, pH"7.4). Of the reconsti- 
capsule (Lilly) uniformly dispersed in 240 mg of tuted sample, 75 ul is injected onto a C^g 5 U column 
sodium bicartsonate powder USP to form an inner 20 ^^i^i^^ated with the same mobile phase at 1.1 ml/min. 
capsule. The inner capsule is then inserted into a #00 Under these conditions, omeprazole is eluted at approxi- 
empty gelatin capsule (LQly) together with a homoge- mately 5 minutes, and the internal standard at approximately 
neous mixture of 600 mg sodium bicarbonate USP minutes. The standard curve is linear over the concen- 
andllO mg pregelatinized starch NF. ^^8^ previous woric with SOS), and 

Methodology between-day coeflScicnt of variation has been <8% at all 

After appropriate screening and consent, healthy vohm- : '^^ '^'"^ t°cE^f ' 

teers will be randomized to receive one of the following four P"°^ (omeprazole 2 mg/ml 

regimens as randomly assigned by Latin Square. Each aHCUa ».4%j. 

subject will be crossed to each regimen according to the Applicant expects that the above experiments will dem- 
randomization sequence until all subjects have received all -q onstfate there is more rapid absorption of formulations (a), 

four regimens (with one week separating each regimen). W i^) compared to the enteric coated granules of 

Regimen A (20 mg omeprazole in 4.8 mEq sodium formulation (c). Additionally, applicant expects that 

bicarbonate in 10 ml volume); Regimen B (20 mg omepra- although there wiU be a difference in the rates of absorption 

zole in 10 ml 8.4% sodium bicarbonate in 10 ml volume); among forms (a) through (d), the extent of absorption (as 

Regimen C (an inUct 20 mg omeprazole capsule); Regimen measured by the area under the curve (AUQ) should be 

D (Capsule in capsule formulation, see above). For each ^^^^ formulations (a) through (d). 
dose/week, subjects will have an i.v. saline lock placed for 

blood sampling. For each regimen, blood samples will be EXAMPLE XII 
taken over 24 hours a total of 16 times (with the last two 

specimens obtained 12 hoias and 24 hours after drug Intraveneous PPI in Combination With Oral Parietal Cell 
administration). 40 Activator 

Paucnt Ei*gjt)a«y ^ c u uu 1 ,1 u Sixteen (16) normal, healthy male and female study 

Four healthy females and four healthy males wiU be .^^jects over the age of 18 will be randomized to receive 

consented for the smdy. pantoprazole as follows: 
Inclusion Catena 

Signed informed consent. 45 (a) 40 mg IV over 15 to 30 minutes in combination with 

Exclusion Criteria a 20 ml oral dose of sodium bicarbonate 8.4%; and 

1. Currently taking H^-receptor antagonist, antacid, or (b) 40 mg IV over 15 to 30 minutes in combination with 
sucralfate, a 20 ml oral dose of water. 

2. Recent (within 7 days) therapy with lansoprazole, The subjects will receive a single dose of (a) or (b) above, 
omeprazole, or other proton pump inhibitor. 50 and will be crossed-over to (a) and (b) in random fashion. 

3. Recent (within 7 days) therapy with warfarin. ^^J™"'. concentrations of pantoprazole versus time after 
^ „. \. . yf^/^, admimstration data will be collected, as well as. gastnc pH 

4. History of vanccal bleeding. control as measured with an indweUing pH probe. 

5. History of peptic ulcer disease or currently active G.I. Further, similar studies arc contemplated wherein choco- 
bleed. late or other parietal ceU activator is substituted for the 

6. History of vagotomy or pyloroplasty. parietal cell activator sodium bicarbonate, and other PPIs are 

7. Patient has received an investigational drug within 30 substituted for pantoprazole. The parietal cell activator can 
(]3y3 be admmistered either within about 5 minutes before, during 

o — ' - . , , . , or within about 5 minutes after the IV dose of PPI. 

8. Treatment with ketoconazole or itraconazole. Applicant expects that these studies will demonstrate that 

9. Patient has an alleigy to omeprazole. significantly less IV PPI is required to achieve therapeutic 
Pharmocokinetic Evaluation and Statistical Analysis effect when it is given in combination with an oral parietal 

Blood samples will be ccntrifugcd within 2 hours of cell activator, 

collection and the plasma will then separated and frozen at AdditionaDy, adminisu-ation kits of IV PPI and oral pari- 

-10* C. (or lower) until assayed. Pharmacokinetic variables etal cell activator can be packaged in many various forms for 
will include: time to peak concentration, mean peak 65 ease of administration and to optimize packing and shipping 

concentration, AUC (0-t) and (0-infinity). Analysis of vari- the product. Such kits can be in unit dose or multiple dose 

ance will be used to detect statistical difference. Bioavail- form. 
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EXAMPLE Xin suspeosioD tablet, chewable tablet, eServcscent 

Twelve (12) Month Stability of On.epr.«,.e Solution , ^t'.^^.ut'^^T^.S'S- clai. 1. whe«in the 
A solution was prepared by mixmg 8.4% sodium bicar- p^jon pump inhibitor is omeprazole, 
bonatc with omeprazole to produce a final cooceniralioD of 5 3 j^e composition as recited in claim 1, wherein the 
2 mg/ml to determine the stability of omeprazole solution pjoion pump inhibitor is lansoprazole, 
after 12 months. The resultant preparation was stored in 4 jhe composition as recited in claim 1. wherein the 
clear glass at room temperature, refrigerated and frozen. proton pump inhibitor is rabeprazole. 
Samples were drawn after thorough agitation from the stored 5^ jhe composition as recited in claim 1, wherein the 
preparations at the prescribed times. The samples were then p^ion pump inhibitor is csomcprazole. 
stored at 70* C Frozen samples remained frozen until they ^ jhe composition as recited in claim 1. wherein the 
were analyzed. When the collection process was completed, proton pump inhibitor is pantoprazole. 
the samples were shipped lo a laboratory overnight on dry 7. jhe composition as recited in claim 1, wherein the 
ice for analysis. Samples were agitated for 30 seconds and proton pump inhibitor is pariprazole. 
sample aliquots were analyzed by HPLC in triplicate accord- g jhc composition as recited in claim 1. wherein the 
ing to well known methods. Omeprazole and the internal 35 p^^^j^ p^^jp inhibitor is leminoprazole. 
standard were measured by a modification of the procedure 9. jhe composition as recited in claim 1. further corn- 
described by Amanlea and Narang. Amantca Mass., Narang prising at least one flavoring agent. 
PK, Improved Procedure For Quantitation Of Omeprazole 10. The composition as recited in claim 1, further com- 
And Metabolites Usmg Reverse-Phased High-Performancc prising an anti-foaming agent. 

Uquid Chromatography, J. Chromatography, 426: 216-222 20 U. The composition as recited in claim 1, wherein the 

(1988). Twenty (20) ul of the omeprazole 2 mg/ml NaHCOj dosage form is a suspension tablet, 

solution and 100 ul of the internal standard solution were 12. The composition as recited in claim 1, wherein the 

vortexcd with 150 ul of carbonate buffer (pH-9.8), 5 ml dosage form is a chewable ublet, 

dichloroethane,5mlhexane,and980ulofstcrilewater.The 13. The composition as recited in claim 12, further 

sample was cenirifiiged and the organic layer was extracted comprising aspartame. 

and dried over a nitrogen stream. Each pellet was reconsti- 14. The composition as recited in claim 1, wherein the 

tuted with 150 ul of mobile phase (40% methanol, 52% dosage form is an effervescent powder. 

0.025 phosphate buffer, 8% acctonitrilc. pH-7.4). Of the 15. The composition as recited in claim 1, wherein the 

reconstituted sample, 75 ul were injected onto a C185u dosage form is an effervescent tablet. 

column equilibrated with the same mobile phase at 1.1 15. The composition as recited in claim 1, wherein the 

ml/min. Omeprazole was eluted at -5 min, and the internal buffering agent is at least about 1680 mg sodium bicaibon- 

standard at -7.5 min. The standard curve was linear over the ^t^, 

concentrated range 0-3 mg/ml, and between-day coeflBcient 17. The composition as recited in claim 1, wherein the 

of variation was <8% at all concentrations. Mean R2 for the buffering agent is about 1000 mg to about 1680 mg sodium 

standard curve was 0.980. bicarbonate. 

The 12 month sample showed stability at greater than 18. A method of producing a liquid pharmaceutical 

90% of the original concentration of 2 mg/ml. (i.e., 1.88 composition, comprising: combining the composition 

mg/ml, 1.94 mg/ml, 1.92 mg/ml). recited in claim 11 with an aqueous medium. 

Throughout this application various publications and pat- 19. A method of producing a liquid pharmaceutical 

cnis are referenced by citation and number. The disclosure of composition, comprising: combining the composition 

these publications and patents in their entireties are hereby recited in claim 12 with an aqueous medium, 

incorporated by reference into this application in order to 20. A method of producing a liquid pharmaceutical 

more fully describe the state of the art to which this composition, comprising: combining the composition 

invention pertains. recited in claim 14 with an aqueous medium. 

The invention has been described in an illustrative ^1. A method of producing a liquid pharmaceutical 
manner, and it is to be understood the terminology used is ^5 coinposition, comprising: combining the composition 

intended lo be in the nature of description rather than of ^^'^If . . , 

limitation. Obviously, many modifications, equivalents, and ^. ^2- A method for treating an acid -caused gastromtcsUnal 

variations of the present invention are possible in light of the ^^^^^^ ^ « ^"*>J^» J° ^*^/^^' comprising: admmis- 

above teachings. Therefore, it is to be understood that within ^ ^"^J^^* dosage form of claim 1 via a route 

the scope of the appended claims, the invemion may be 50 ^^"^ g^°^P consisung of oral, nasogastnc, and 

practiced other than as specifically described. ^^^r^iy*^* ^ ^ - ^ • . • ^ ^ ^ ^ 

I claim* method as recited m claim 22, wherem the 

1. A solid pharmaceutical composition in a dosage form ^f^'"^^' ^ g^^^P consisting of diiodcnal 

that is not enteric^oaied, comprising: active ingredients gastric ulcer disease, gasuoesophageal reflux 

consisting essentially of: « esophagilis. pooriy responsive symptomatic 

, . * . ' , . » J gastroesophageal reflux disease, pathological gastromicsti- 

(a) a non<ntcnc coated proton pump inhibitor selected „^ hypci^reiory disease, Zollinger EUi^n Syndrome, and 
from the group consisting of omeprazole, lansoprazole, gcid dyspepsia 

rabeprazole, esomeprazole, pantoprazole, pariprazole, 24. A method for treating an acidK:aused gastrointestinal 

and leminoprazole, or an cnantiomer, isomer, free base, disorder in a subject in need thereof, comprising: adminis- 
or salt thereof, in an amount of approximately 5 mg to 60 tering to the subject a solid pharmaceutical composition in 

approximately 300 mg; and a dosage form that is not enteric-coated; wherein the com- 

(b) at least one buffering agent selected from the group position comprises active ingredients consisting essentially 
consisting of sodium bicarbonate, potassium of: 

bicarbonate, a calcium salt, and a magnesium salt, in an (a) a therapeutically effective amount of approximately 5 
amount of approximately 0.1 mEq to approximately 2.5 65 mg lo approximately 300 mg of a non-enteric coated 
mEq per mg of proton pump inhibitor, wherein the proton pump inhibitor selected from the group consist- 
dosage form is selected from the group consisting of ing of omeprazole, lansoprazole, rabeprazole, 
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esomeprazole, pantoprazole, pariprazole, and 50. The method of claim 24, wherein the composition is 

lemisoprazole, or an enantiomer, isomer, derivative, in a dosage form selected from the group consisting of a 

free base, or salt thereof; and tablet, powder, siispension tablet, chewable tablet, capsule, 
(b) a buffering agent in an amount of approximately 1.0 effervescent powder, effervescent tablet, pellets, and gran- 

mEq to approximately 150 mEq selected from the 5 "^^s. 

group consisting of a bicarbonate salt of a group lA 51. The method of claim 24, wherein the subject is a 

metal, a calcium salt, and a magnesium salt, wherein j x , • 

the buffering agent is in an amount sufficient to elevate ^ ^4, wherein the dosage form 

gastric acid pH of the subject's stomach to prevent or further^mprises a flayormg agem^ 

Libit gastric acid degradation of the non-enteric ,0 The method of claim 52, wherein the flavormg 

coated proton pump inhibitor and achieve sufficient ^"^^"^ nT ^in^' ' T T^^^f^K!: 

n f L - L M • . spearmmt, or watermelon, and combinations of any of the 

bioavaflabiliiy of the proton pump mhibitor m the foregoing 

subject to elicit a therapeutic effect. 54 jhe method of claim 24, wherein the composition is 

25. Tbe method of claim 24, wherein the calcium salt is provided as a separate component of a kit. 

selected from the group consistmg of calcium acetate, cal- ^5 55, j^^ mcihod of claim 24, wherein the disorder is 

cium glycerophosphate, calcium chloride, calcium selected from the group consisting of duodenal ulcer 

hydroxide, calcium lactate, calaum bicarbonate, calcium disease, gastric ulcer disease, gastroesophageal reflux 

ghiconaic, and other calcium salts disease, erosive esophagitis, poorly responsive symptomatic 

26. The method of claim 24, wherem the sodium bicar- gastroesophageal reflux disease, pathological gasirointesti- 
bonate is in an amount from about 1000 mg to about 1680 hypersecretory disease, Zollinger Ellison Syndrome, and 
™6* add dyspepsia. 

27. The method of claim 24, wherein the sodium bicar- 55. xhe method of claim 24, wherein the dosage form is 
bonate is m an amount of at least about 1680 mg. administered once or twice a day 

28. Tbe method of claina 24, wherein the calcium salt is 57. a solid pharmaceutical composition in a dosage form 
calcium carbonate present m an amount from about 250 mg that is not enteric-coated, comprising: active ingredients 
to about 1000 mg. ^5 ^^^^^^^g ^^^jj-^yy . 

29. Tbe method of claim 24, wherein the calcium salt is 3 therapeutically effective amount of a non-enteric 
calaum <^rbonate present m an amount from about 500 mg ^3^^^ ' ^^^^^^^ ^^^^^ 

to w)out luuu mc. .• r 11 1 . « 

30. The method of claim 24. wherein tbe calcium salt is consistmg of omeprazole, lansoprazole, rabeprazole 
calcium carbonate present in an amount of at least about 30 fsomeprazole, pantoprazole, pariprazole, and 
1000 mg leminoprazole, or an enantiomer, isomer, derivative, 

51. The method of claim 24, wherein the buffering agent thereof; and 

is in an amount of at least 10 mEq. (b) a buffering agent selected from the group consisting of 

32. The method of claim 24, wherein the buffering agent sodium bicartx>nate, and calcium carbonate, in an 

is in an amount from about 10 m£q to about 70 mEq. 3^ amount more than about 40 times the amount of the 

53. Tbe method of claim 24, wherein the buffering agent proton piunp inhibitor on a weight to weight basis in the 

is in an amount from about 20 m£q to about 40 mEq. composition. 

34. The method of claim 24, wherein tbe proton pump 58. The composition as recited in claim 57, wherein the 

inhibitor is in an amount from about 10 mg to about 100 rog. buffering agent is sodium bicarbonate. 

55. The method of claim 24, wherein the proton pump 59. The composition as recited in claim 57, wherein the 
inhibitor is omeprazole. ^ sodium bicarbonate is in an amount from about 400 mg to 

56. Tbe method of claim 35, wherein tbe omeprazole is about 4000 mg. 

present in an amount of about 10 mg. 60. The composition as recited in claim 57, wherein the 

57. Tbe method of claim 35, wherein tbe omeprazole is sodium bicarbonate is in an amount of at least about 800 mg. 
present in an amount of about 20 nag. 61. The composition as recited in claim 57, wherein the 

58. The method of claim 35, wherein the omeprazole is ^5 buffering agent is calcimn carbonate. 

present in an amount of about 40 mg. 62. The composition as recited in claim 57, wherein the 

59. Tbe method of claim 35, wherein the omeprazole is calcium carbonate is in an amoimi from about 400 mg to 
present in an amount of about 60 mg. about 4000 mg. 

40. Tbe method of claim 35, wherein the omeprazole is 65. The composition as recited in claim 61, wherein the 
present in an amount of about 80 mg. so calcium carbonate is in an amount from about 500 mg to 

41. Tbe method of claim 35, wherein the omeprazole is about 1000 mg. 

present in an amount of about 100 mg. 64. Tbe composition as recited in claim 61, wherein the 

42. Tbe method of claim 24, wherein the proton pump calcium carbonate is in an amount of at least about 800 mg. 
inhibitor is lansoprazole. 65. The composition as recited in claim 57, wherein the 

43. The method of claim 42, wherein the lansoprazole is proton pump inhibitor is in an amount from about 10 mg to 
present in an amount of about 15 mg. ~ about 100 mg. 

44. The method of claim 42, wherein the lansoprazole is - 66. The composition as recited in claim 57, wherein the 
present in an amount of about 30 mg. proton pump inhibitor is omeprazole . 

45. The method of claim 42. wherein the lansoprazole is 67. The composition as recited in claim 66, wherein the 
present in an amount of about 45 mg. omeprazole is present in an amount of about 10 mg. 

46. The method of claim 42, wherein the lansoprazole is 68. Tbe composition as recited in claim 66, wherein the 
present in an amount of about 60 mg. omeprazole is present in an amount of about 20 mg. 

47. The method of claim 42, wherein the lansoprazole is 69. The composition as recited in claim 66, wherein the 
present in an amount of about 90 mg. omeprazole is present in an amount of about 40 mg. 

48. The method of claim 42, wherein the lansoprazole is 70. The composition as recited in claim 66, wherein the 
present in an amount of about 100 mg. 65 omeprazole is present in an amount of about 60 mg. 

49. The method of claim 24, wherein the proton pump 71. The composition as recited in claim 66, wherein the 
inhibitor is micronized. omeprazole is present in an amount of about 80 mg. 
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72. The composilion as redtcd in claim 66, wherein the 94. A method for administering a liquid pharmaceutical 
omeprazole is present in an amount of about 100 mg. composition to a subject, comprising: combining the phar- 

73. The compositioD as recited in claim 57, wherein the maceutical composition as recited in claim 57 with an 
proton pump inhibitor is lansoprazole. aqueous medium to form a suspension, and orally adminis- 

74. The composition as recited in claim 73, wherein the 5 tering the suspension to the subject in a single dose without 
lansoprazole is present in an amount of about 15 mg. administering an additional buffering agent. 

75. The composition as recited in claim 73, wherein the 95. The composilion as recited in claim 1, wherein the 
lansoprazole is present in an amount of about 30 mg. proton pump inhibitor is in an amount from about 10 mg to 

76. The composition as recited in claim 73, wherein the about 100 mg. 

lansoprazole is present in an amount of about 45 mg. 96. The composition as recited in claim 95, wherein the 

77. The composilion as recited in claim 73, wherein the proton pump inhibitor is omeprazole. 

lansoprazole is present in an amount of about 60 mg. 97. The composition as recited in claim 95, wherein the 

78. The composilion as recited in claim 73, wherein the omeprazole is present in an amount of about 10 mg. 
lansoprazole is present in an amount of about 90 mg. 98. The composition as recited in claim 95, wherein the 

79. The composition as recited in claim 73, wherein the omeprazole is present in an amount of about 20 mg. 
lansoprazole is present in an amount of about 100 mg. 99. The composition as recited in claim 95, wherein the 

80. The composition as recited in claim 57, wherein the omeprazole is present in an amount of about 40 mg. 
proton pump inhibitor is micronized. 100. The composition as recited in claim 95, wherein the 

81. The composition as recited in claim 57, wherein the omeprazole is present in an amount of about 60 mg. 
composition is in a dosage form selected from the group 101. The composition as recited in claim 95, wherein the 
consisting of a tablet, powder, suspension tablet, chewable 20 omeprazole is present in an amount of about 80 mg. 
tablet, capsule, effervescent powder, effervescent tablet, 102. The composition as recited in claim 95, wherein the 
pellets, and granules. omeprazole is present in an amount of about 100 mg. 

82. The composition as recited in claim 57, further 103. The composition as recited in claim 95, wherein the 
comprising a flavoring agent comprising aspartame, proton pump inhibitor is lansoprazole. 

chocolate, root beer, peppermint, spearmint, or watcnnelon, 25 1 The composition as recited in claim 103, wherein the 

and combinations of any of the foregoing. lansoprazole is present in an amount of about 15 mg. 

83. The composition as recited in claim 57, wherein the 105. The composition as recited in claim 103, wherein the 
amount of the buffering agent is more than about 50 times lansoprazole is present in an amount of about 30 mg. 

the amount of the proton pump inhibitor on a weight to 106. The composition as recited in claim 103, wherein the 

weight basis in the composition. lansoprazole is present in an amount of about 45 mg. 

84. The composition as recited in claim 57, wherein the 107. The composition as recited in claim 103, wherein the 
amount of the buffering agent is more than about 60 times lansoprazole is present in an amount of about 60 mg. 

the amount of the proton pump inhibitor on a weight to 108. The composition as recited in claim 103, wherein the 

weight basis in the composition. lansoprazole is present in an amount of about 90 mg. 

85. TTie composition as recited in claim 57, wherein the 109. The composition as recited in claim 103, wherein the 
amount of the buffering agent is more than about 70 times lansoprazole is present in an amount of about 100 mg. 
the amount of the proton pump inhibitor on a weight to 110. The composition as redted in claim 1, wherein the 
weight basis in the composition. proton pump inhibitor is micronized. 

86. The composition as redted in claim 57, wherein the 111. The composition as redted in claim 9, wherein the 
amount of the buffering agent is more than about 80 times flavoring agent comprises aspartame, chocolate, root beer, 
the amount of the proton pump inhibitor on a weight to 40 peppermint, spearmint, or watermelon, and combinations of 
weight basis in the composition. any of the foregoing. 

87. The composition as redted in claim 57, wherein the 112. The composition as redted in claim 1, wherein the 
amount of the buffering agent is more than about 90 times composition is provided as a separate component of a kit. 
the amount of the proton pump inhibitor on a weight to 113. The composition of claim 1, wherein the buffering 
weight basis in the composition. ^5 agent comprises a bicarbonate salt of a Group lA metal. 

88. The composition as recited in claim 57, wherein the 114.Tbe composition of claim 1, wherein the buffering 
amount of the buffering agent is more than about 100 times agent comprises at least one of magnesium hydroxide, 
the amount of the proton pump inhibitor on a weight to magnesium lactate, magnesium gluconate, magnesium 
weight basis in the composition. oxide, magnesium carbonate, or magnesium silicate. 

89. The composition as redted in claim 57, wherein the 115. The composition of claim 1, wherein the buffering 
composition is provided as a separate component of a kit. agent comprises at least one of calcium acetate, calcium 

90. A method of producing a liquid pharmaceutical com- glycerophosphate, calcium chloride, calcium hydroxide, cal- 
position comprising: combining the dosage form of claim 57 cium lactate, caldiun carbonate, calcium bicarbonate, cal- 
with an aqueous medium. cium gluconate, or other calcium salts. 

91. A method for treating an add-caused gastrointestinal 116. The composition of claim 1, further comprising a 
disorder in a subject in need thereof, comprising: adminis- 55 disintcgrant, flow aid, lubricant, adjuvant excipient, 
tering to the subject the dosage form as redted in claim 57 colorant, diluent, moistening agent, preservative, aixl phar- 
via a route selected from the group consisting of oral, maceutically compatible carrier. 

nasogastric, and gastric mbe. 117. The method of claim 24, wherein the composition 

92. The method as recited in claim 91, wherein the further compri.ses a disintegrant, flow aid, lubricant, 
disorder is selected from the group consisting of duodenal 60 adjuvant, excipient, colorant, diluent, moistening agent, 
ulcer disease, gastric ulcer disease, gastroesophageal reflux preservative, and pharmaceutical iy compatible carrier, 
disease, erosive csophagitis, poorly responsive symptomatic 118. The composition of claim 57, further comprising a 
gastroesophageal reflux disease, pathological gasirointesii- disintegrant, flow aid, lubricant, adjuvant, excipient, 
nal hypersecretory disease, Zollinger Ellison Syndrome, and colorant, diluent, moistening agent, preservative, and phar- 
add dyspepsia. maceutically compatible carrier. 

93. The method as recited in claim 91, wherein the 

composition is administered once or twice a day. * « * « * 
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ABSTRACT 



The present invention relates to pharmaceutical preparations 
comprising substituted benzimidazole proton pump inhibi- 
tors. There is provided a liquid or solid pharmaceutical 
dosage form that is not enteric coated or delayed released 
containing a proton pump inhibitor and a Primary Essential 
Buffer. When the dosage form is placed in a liquid phase the 
Primary Essential Buffer maintains the pH of the environ- 
ment at a value greater than the pKa of the proton pump 
inhibitor for a time sufficient to substantially avoid acid 
degradation of the proton pump inhibitor in the environ- 
ment. Also provided is a method for treating acid-related 
gastrointestinal disorders by administering a solid pharma- 
ceutical dosage form; and a kit for the preparation of a liquid 
oral pharmaceutical composition. 

29 Claims, 3 Drawing Sheets 
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SUBSTITUTED BENZDVlIDASiR DOSAGE 
FORMS AND METHOD OF USING SAME 

This application is a coDtinuation-in-part of U.S. patent 
application Ser. No. 09/481^07 filed Jan. 11. 2000. now 
U.S. Pat. No. 6,489346 which is a conlinuation-in-pan of 
U.S. patent application Ser. No. 09/183,422 filed on Oct. 30, 
1998, now abandoned, which is a continuation-in-part of 
U.S. patent application Ser. No. 08/680376 filed on Jul. 15, 
1996, now U.S. Pat. No. 5,840,737, which claims priority to 
U.S. Provisional Application Ser. No. 60/009.608 filed on 
Jan. 4, 1996. This application claims priority to all such 
previous applications, and such applications are hereby 
incoiporated herein by reference to the extent permitted by 
law. 

TECHNICAL FIELD 

The present invention relates to pharmaceutical prepara- 
tions comprising substituted benzimidazole proton pump 
inhibitors. 

BACKGROUND OF THE INVENTION 

Omeprazole is a substituted benzimidazole. 5-metboxy- 
2-[(4-methoxy-3,5-dimethyl-2-pyridinyl) methyl ]sulfinyl]- 
IH-benzimidazole, that inhibits gastric add secretion. Ome- 
prazole belongs to a class of antisecretory compounds called 
proton pump inhibitors ("PPIs") that do not exhibit anti- 
cholinergic or H2 histamine antagonist properties. Drugs of 
this class suppress gastric acid secretion by the specific 
inhibition of the H*4^*-ArPasc enzyme system (proton 
pump) at the secretory surface of the gastric parietal cell. 

TypicaUy, omeprazole, lansoprazole and other proton 
pump inhibitors are formulated in an enteric-coated solid 
dosage form (as either a delayed-release capsule or tablet) or 
as an intravenous solution (as a product for reconstitution), 
and are prescribed for short-term treatment of active duode- 
nal ulcers, gastric ulcers, gastroesophageal reflux disease 
(GERD), severe erosive esophagitis, poorly responsive 
symptomatic GERD, and pathological hypersecretory con- 
ditions such as Zollinger Ellison syndrome. These condi- 
tions are caused by an imbalance between acid and pepsin 
production, called aggressive factors, and mucous, 
bicarbonate, and prostaglandin production, called defensive 
factors. These above-listed conditions commonly arise in 
healthy or critically ill patients, and may be accompanied by 
significant upper gastrointestinal bleeding. 

Hs-antagonists, antacids, and sucralfate are commonly 
administered to minimize the pain and the complications 
related to these conditions. These drugs have certain disad- 
vantages associated with their use. Some of these drugs are 
not completely effective in the treatment of the aforemen- 
tioned conditions and/or produce adverse side effects, such 
as mental confusion, constipation, diarrhea, and thrombocy- 
topenia. Hj-antagonists, such as ranitidine and cimetidine, 
are relatively costly modes of therapy, particularly in NPO 
patients, which frequently require the use of automated 
infusion pumps for continuous intravenous infusion of the 
drug. 

Patients with significant physiologic stress are at risk for 
stress-related gastric mucosal damage and subsequent upper 
gastrointestinal bleeding (Manone and Silen, Pathogenesis, 
Diagnosis and Treatment of Acute Gastric Mucosa Lesions, 
Clio Gastroenterol 13: 635-650 (1984)), Risk factors that 
have been clearly associated with the development of stress- 
related mucosal damage are mechanical ventilation, 
coagulopathy, extensive bums, head injury, and organ trans- 
plant (Zinner el al.. The Prevention of Gastroimestinal Tract 
Bleeding in Patients in an Intensive Care Unit, Surg. 
Gynecol. Obstet., 153: 214-220(1981); Larson et al., Cas- 
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trie Response to Severe it^w Injury, Am. J- Surg. 147: 
97-105 (1984); Czaja et &U Acute Gastroduodenal Disease 
After Thermal Injury: An Endoscopic Evaluation of Inci- 
dence and Natural History, N Engl. J. Med, 291: 925-929 
(1974); Skillman et al.. Respiratory Failure, Hypotension, 
Sepsis and Jaundice: A Clinical Syndrome Associated with 
Lethal Hemorrhage From Acute Stress Ulceration, Am. J. 
Surg., 117: 523-530 (1969); and Cook et al. Risk Factors 
for Gastrointestinal Bleeding in Critically III Patients, N. 
Engl. J. Med., 330:377-381 (1994)). One or more of these 
factors are often found in critically ill. intensive care tmit 
patients. A recent cohort study challenges other risk factors 
previously identified such as acid-base disorders, multiple 
trauma, significant hypertension, major surgery, midtiple 
operative procedures, acute renal failure, sepsis, and coma 
(Cook et al.. Risk Factors for Gastrointestinal Bleeding in 
Critically III Patients, N. Engl. J. Med., 330:377-381 
(1994)). Regardless of the risk type, stress-related mucosal 
damage results in significant morbidity and mortality. Clini- 
cally significant bleeding occurs in at least twenty percent of 
patients with one or more risk factors who are left untreated 
(Martin et al.. Continuous Intravenous cimetidine Decreases 
Stress-related Upper Gastro-intestirml Hemorrhage Without 
PronuHing Pneumonia, Crit. Care Med., 21: 19-39 (1993)). 
Of those who bleed, approximately ten percent require 
surgery (usually gastrectomy) with a reported mortality of 
thirty percent to fifty percent (Czaja et al.. Acute Gas- 
troduodenal Disease After Thermal Injury: An Endoscopic 
Evaluatiim of Incidence and Natural History, N Engl. J. 
Med, 291: 925-929 (1974); Pcura and Johnson, Cimetidine 
for Prevention and Treatment of Gastroduodenal Mucosal 
Lesions in Patients in an Intensive Care Unit, Ann Inlem 
Med., 103: 173-177 (1985)). Those who do not need surgery 
often require multiple transfusions and prolonged hospital- 
ization. Prevention of stress-related upper gastrointestinal 
bleeding is an important clinical goal. 

Omeprazole (PrDosec€)), lansoprazole (Prevacid®) and 
other PPIs reduce gastric acid production by inhibiting 
H* JC*-ArPase of the parietal cell — the final common path- 
way for gastric acid secretion (Fellenius et al.. Substituted 
Benzimidazoles Inhibit Gastric Acid Secretion by Blocking 
irjC'ATPase, Namre, 290:159-161(1981); Wallmark et al, 
Tlte Relationship Between Gastric Acid Secretion and Gas- 
tric H*,K*-ATPase Activity, J. Biol.Chem., 260: 
13681-13684 (1985); Fryklund et al.. Function and Struc- 
ture of Parietal Cells After IT JC^-ATPase Blockade, Am. J. 
Physiol., 254 (3 PT 1); G399^t07 (1988)). 

PPIs contain a sulfinyl group in a bridge between substi- 
tuted benzimidazole and pyridine rings, as illustrated below. 
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At neutral pH, omeprazole, lansoprazole and other PPIs 
are chemically stable, lipid-soluble, weak bases that are 
devoid of inhibitory activity. These neutral weak bases reach 
parietal cells from the blood and diffuse into the secretory 
canaliculi, where the drugs become protonated and thereby 
trapped. The protonated agent rearranges to form a sulfenic 
acid and a sulfenamide. The sulfenamide interacts 
covalently with sulfbydryl groups at critical sites in the 
extracellular (luminal) domain of the membrane -spanning 
H*,K*-ArPase (Hardman et al., Goodman & Gilman's The 
Pharmacological Basis of Therapeutics, p. 907 (9** ed. 
1996)). Omeprazole and lansoprazole, therefore, are pro- 
drugs that must be activated to be effective. The specificity 
of the effects of PPIs is also dependent upon: (a) the 
selective distribution of H*,K*-ArPase; (b) the requirement 
for acidic conditions to catalyze generation of the reactive 
inhibitor; and (c) the trap)ping of the protonated drug and the 
cationic sulfenamide within the acidic canaliculi and adja- 
cent to the target enzyme. (Hardman et al., 1996). 

Omeprazole and lansoprazole are available for oral 
administration as enteric-coated granules in gelatin capsules. 
Other proton pump inhibitors such as rabeprazole and pan- 
toprazole are supplied as enteric-coated dosage forms. The 
enteric dosage forms of the prior art have been employed 
because they are acid labile; thus, it is important that these 
drugs not be exposed to low pH gastric acid prior to 
absorption. Although these drugs are stable at alkaline pH, 
they are destroyed rapidly as pH falls (e.g., by gastric acid). 
Therefore, if the micro-encapsulation or the enteric coating 
is disrupted (e.g., trituration to compound a liquid, or 
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chewing the capsule), the oB^c forms of the prior art will 
be exposed to degradation by the gastric acid in the stomach. 

The absence of an intravenous or oral liquid dosage form 
in the United States has limited the testing and use of 
s omeprazole, lansoprazole and rabeprazole in the critical care 
patient population. Barie et al.. Therapeutic Use of Ome- 
prazole for Refractory Stress-induced Gastric Mucosal 
Hemorrhage, Crit. Care Med., 20: 899-901 (1992) have 
described the use of omeprazole enteric-coated pellets 
administered through a nasogastric tube to control gas- 
trointestinal hemorrhage in a critical care patient with multi- 
oigan failure. However, such pellets are not ideal as they can 
aggregate and occlude such tubes, and they are not suitable 
for patients who cannot swaUow the pellets. Am J. Health- 
j5 Syst Pharm 56:2327-30 (1999), 

Proton pump inhibitors such as omeprazole represent an 
advantageous alternative to the use of H2-antagonists, 
antacids, and sucralfate as a treatment for complications 
related to stress-related mucosal damage. However, in their 
2Q current form (capsules containing enteric-coated granules or 
enteric-coated tablets), proton pump inhibitors can be diffi- 
cult or impossible to administer to patients who are either 
unwilling or unable to swallow tablets or capsules, such as 
critically ill patients, children, the elderly, and patients 
25 suffering from dysphagia. Therefore, it would be desirable to 
formulate a proton pump inhibitor solution or suspension 
which can be cnterally delivered to a patient thereby pro- 
viding the benefits of the proton pump inhibitor without the 
drawbacks of the current enteric-coated solid dosage forms. 
30 Omeprazole, the first proton pump inhibitor introduced 
into use, has been formulated in many different embodi- 
ments such as in a mixture of polyethylene glycols, adeps 
solidus and sodium lauryl sulfate in a soluble, basic amino 
acid to yield a formulation designed for administration in the 
35 rectum as taught by U.S. Pat. No. 5,219,870 to Kim. 

U.S. Pat. No. 5395323 to Berglund ('323) discloses a 
device for mixing a pharmaceutical from a solid supply into 
a parenterally acceptable liquid form for parenteral admin- 
istration to a patient. The '323 patent teaches the use of an 
40 omeprazole tablet which is placed in the device and dis- 
solved by normal saline, and infused parenterally into the 
patient. This device and method of parenteral infusion of 
omeprazole does not provide the omeprazole solution as an 
enteral product, nor is this omeprazole solution directly 
45 administered to the diseased or affected areas, namely the 
stomach and upper gastrointestinal tract, nor does this ome- 
prazole formulation provide the immediate antacid effect of 
the present formulation. 

U.S. Pat. No. 4,786405 to Lovgren et al. discloses a 
50 pharmaceutical preparation containing omeprazole together 
with an alkaline reacting compound or an alkaline salt of 
omeprazole optionaUy together with an alkaline compound 
as a core material in a tablet formtilation. The core is then 
enterically coated. The use of the alkaline material, which 
55 can be chosen from such substances as the sodium salt of 
carbonic acid, are used to form a "micro-pH" around each 
omeprazole particle to protect the omeprazole which is 
highly sensitive to acid pH. The powder mixture is then 
formulated into enteric-coated small beads, peUets, tablets 
60 and may be loaded into capsules by conventional pharma- 
ceutical procedures. Tliis formulation of omeprazole does 
not teach a non-en leric-coated omeprazole dosage form 
which can be ente rally administered to a patient who may be 
unable and/or unwilling to swallow capsules, tablets or 
65 pellets, nor does it teach a convenient form which can be 
used 10 make an omeprazole or other proton pump inhibitor 
solution or suspension. 
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Several buffered omeprazole orallHKoDS/suspeDsioiis All of tbe buffered oidipiSole solutions described in 

have been disclosed. For example, Pilbrant et al.. Develop- these references were administered orally, and were given to 

mem of an Oral Formulation of Omeprazole, Scand. J. bealtby subjects who were able to ingest the oral dose. In all 

Gaslroeot. 20(Suppl. 108): 113-120 (1985) teaches a sus- of these smdies, omeprazole was suspended in a sohition 

pension of micromzed omeprazole, 60 mg, in 50 ml of water 5 including sodium bicarbonate, as a pH buffer, in order to 

also contammg 8 mmoles of sodium bicarbonate. The sus- ,^ sensitive omeprazole during administration, 

pension was administered as foUows: After fasung for at i„ ,^5^ ,^ administration of sodium 

least 10 bouts, patients were pven a solution of 8 mmo es bicarbonate both prior to, during, and following omeprazole 

of sodium bicarbonate m 50 ml of water. Five minutes later .^ministration were required in order to prevent add deg- 

the pauents took the omeprazole suspension and nnsed it ui"ui»"<'u H »" m j«bycui aau 

down with another 50 ml of sodium bicarbonate solution. >° the omeprazole given via the oral route of 

Ten (10), 20 and 30 minutes later, a further 50 ml of sodium administrauon In ^e above<ited studies, as much as 48 

bicarbonate solution was administered. mmo)x& of sodium bicarbonate m 300 ml of water must be 

Andersson et el.. Pharmacokinetics of Various Single ^^"^ » ^^S"" °f omeprazole to be orally 

Intravenous and Oral Doses of Omeprazole^ Eur J. din, ^ • 

Pharmacol. 39: 195-197 (1990) discloses 10 mg, 40 mg. and ^h^ buffered omeprazole solutions of tbe above cited 

90 mg of oral omeprazole dissolved in PEG 400. sodium P"°^ ^^^^^^ mgeslion of large amounts of sodium 

bicarbonate and water. The concentration of omeprazole bicarbonate and large volumes of water by repeated admin- 

cannot be determined, as volumes of diluent are not dis- istration. This has been considered necessary to prevent add 

closed. Nevertheless, it is apparent from this reference that degradation of the omeprazole. In the above-cited studies, 

multiple doses of sodium bicarbonate were administered basically healthy volunteers, rather than sick patients, were 

with and after the omeprazole suspension. ^^^"^^ buffered omeprazole utilizing prc-dosing and 

Andersson et Pharmacokinetics and BioavailabiUty of P<»t-<losing with large volumes of sodium bicarbonate. 

Omeprazole After Single and Repeated Oral Administration The administration of large amounts of sodium bicarbon- 

in Healthy Subjects, Br. J. Qin. Pharmac. 29: 557-63 (1990) produce at least six significant adverse effects, which 

leaches the oral use of 20 mg of omeprazole, which was dramaticaUy reduce the efficacy of the omeprazole in 

dissolved in 20 g of PEG 400 (sp. gravity-1.14) and diluted patients and reduce the overall health of the patients. First, 

with 50 ml of water containing 8 mmoles of sodium bicar- ^® ^^^^ volumes of these dosing protocols would not be 

bonate. In order to protect the omeprazole from gastric acid, suitable for sick or critically ill patients who must receive 

the buffered solution was given with 48 mmoles of sodium ^ multiple doses of omeprazole. Tbe large vohmncs wotild 

bicarbonate in 300 ml of water. result in the distention of the stomach and increase the 

Rcgardh et al., ne Pharmacokinetics of Omeprazole in ^^elihood of complications in critically HI patients sudi as 

Humans-^ Study of Single Intravenous and Oral Doses, aspiration of gaslnc contents. 

Ther. Drug Mon. 12: 163-72 (1990) discloses an oral dose Second, because bicarbonate is usually neutralized in the 

of omeprazole at a concentration 0.4 mg/ml after the drug 35 stomach or is absorbed, such that belching results, patients 

was dissolved in PEG 400, water and sodium bicarbonate (8 gastroesophageal reflux may exacerbate or worsen their 

mmoles). A solution containing 16 mmoles of sodium bicar- reflux disease as the belching can cause upward movement 

bonate in 100 ml of water was concomitantly given with the of stomach acid (Brunton, Agents for the Control of Gastric 

omeprazole solution. That dose was foUowed by a solution Acidity and Treatment of Peptic Ulcers, In, Goodman A G. 

of 50 ml of 0.16 mol/L sodium bicarbonate that was used for ^ ^- Pharmacologic Basis of Therapeutics, (New York, 

rinsing the vessel. In both the IV and oral experiment, 50 ml P- (1990)). 

of 0.16 mol/L sodium bicarbonate was administered 5 Third, patients with conditions such as hypertension or 

minutes before administration, and 10, 20 and 30 minutes heart failure are standardly advised to avoid the intake of 

post -dose. excessive sodium as it can cause aggravation or exaoeiba- 

Landahl et zl. Pharmacokinetics Study of Omeprazole in 45 ^on of their hypertensive conditions (Brunton, supra). The 

Elderly Healthy Volunteers, Clin. Pharmacokinetics 23 (6): ingestion of large amounts of sodium bicarbonate is inoon- 

469^76 (1992) teaches the use of an oral dose of 40 mg of sistent with this advice. 

omeprazole dissolved in PEG 400. sodium bicarbonate and Fourth, patients with numerous conditions that typically 

water. This reference does not disclose tbe final concentra- accompany critical illness should avoid the intake of exces- 

tions utilized. Again, this reference teaches the multiple 50 sive sodium bicarbonate as it can cause metabolic alkalosis 

administration of sodium bicarbonate (8 mmol/L and 16 that can result in a serious worsening of the patient's 

mmol/L) after the omeprazole solution. condition. 

Andersson t\ Pharmacokinencs of [^^C] Omeprazole Fifth, excessive antacid intake (such as sodium 

in Patients with Liver Cirrhosis, Clin. Pharmacokinetics bicarbonate) can result in drug interactions that produce 

24(1): 71-78 (1993) discloses the oral administration of 40 55 serious adverse effects. For example, by altering gastric and 

mg of omeprazole, which was dissolved in PEG 400, water urinary pH, antacids can alter rates of drug dissolution and 

and sodium bicarbonate. This reference does not teach the absorption, bioavailability, and renal elimination (Brunton. 

final concentration of the omeprazole solution administered, supra). 

although it emphasizes the need for pre, concomitant and Sixth, because the buffered omeprazole sohitions of the 

post sodium bicarbonate dosing with a total of 48 mmoles to 60 prior art require prolonged administration of sodium 

prevent acid degradation of the drug. bicarbonate, it makes it difficuli for patients to comply with 

Nakagawa, et al.. Lansoprazole: Phase I Study of lanso- the regimens of the prior art. For example, Pilbrant et al. 

prazole {AG-1149) Anti-ulcer A gent, J. Clin. Therapeutics & disclose an oral omeprazole administration protocol calling 

Med.(1991) teaches the oral administration of 30 mg of for the administration to a subject who has been fasting for 

lansoprazole suspended in 100 ml of sodium bicarbonate, 65 at least ten hours, a solution of 8 mmoles of sodium 

which was administered to patients through a nasogastric bicarbonate in 50 ml of water. Five minutes later, the subject 

tube. ingests a suspension of 60 mg of omeprazole in 50 ml of 
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water that also contains 8 mmoles^^PQium bicarbonate. lo 40 mg/day. Large IV oBFare necessary lo achieve the 

This is rinsed down with another 50 ml of 8 mmoles sodium desired pharmacologic effect because, it is believed, many of 

bicarbonate solution. Ten minutes after the ingestion of the the parietal cells are in a resting phase (mostly inactive) 

omeprazole dose, the subject ingests 50 ml of bicarbonate during an IV dose given to patients who arc not taking oral 

solution (8 mmoles). This is repeated at twenty minutes and s substances by mouth (npo) and, therefore, there is little 

thirty minutes post omeprazole dosing to yield a total of 48 active (that which is inserted into the seaetory canalicular 

mmoles of sodium bicarbonate and 300 ml of water in total membrane) JC^-ATPasc to inhibit. Because of the clear 

that are ingested by the subject for a single omeprazole dose. disparity in the amount of drug necessary for IV versus oral 

Not only does this regimen require the ingestion of exces- doses, it would be very advantageotis to have compositions 

sive amounts of bicarbonate and water, which is likely to be lo and methods for IV administration where significantly less 

dangerous to some patients, it is tmlikely that even healthy drug is required, 
patients would comply with this regimen. 

*^ , . „ , f ^ .1, « u • ^ SUMMARY OF THE INTVENTION AND 

It IS well documented that paUents who are requu-ed to ADVANTAGES 
follow complex schedules for drug administration are non- 
compliant and, thus, the eflBcacy of the buffered omeprazole ^5 The foregoing advantages and objects are accomplished 
solutions of the prior art would be expected lo be reduced by the present invention. The present invention provides an 
due to non-compliance. Compliance has been found to be oral solution/suspension comprising a proton pump inhibitor 
markedly reduced when patients are required to deviate from and at least one buffering agent. The PPl can be any 
a schedule of one or two (usuaUy morning and night) doses substituted benzimidazole compound having H^JC^-ATPase 
of a medication per day. The use of the prior art buffered 20 inhibiting activity and being unstable to acid. The inventive 
omeprazole solutions which require administration proto- composition can alternatively be formulated as a powder, 
cols with numerous steps, different drugs (sodium tablet, suspension tablet, chewable tablet, capsule, two-part 
bicarbonate+omeprazole+FEG 400 versus sodium bicarbon- tablet or capsule, effervescent powder, effervescent tablet, 
ate alone), and specific time allotments between each stage pellets and granules. Such dosage forms are advantageously 
of the total omeprazole regimen in order to achieve efiSca- 25 devoid of any enteric coating or delayed or sustained-release 
cious results is clearly in contrast with both current drug delivery mechanisms, and comprise a PPI and at least one 
compliance theories and human nature. buffering agent to protect the PPI against add degradation. 

The prior art (PUbrant ct ah, 1985) teaches that the ^^^^ ^° ^^i" "^^lude 

buffered omeprazole suspension can be stored at refrigerator anti-foaming agents, panetal cell activators and flavoring 

temperatures for a week and deep frozen for a year while agents. 

still maintaining 99% of its initial potency. It would be ^° another embodiment, oral dosage forms are disclosed 

desirable lo have an omeprazole or other proton ptunp comprising a combination of enteric -coated or delayed- 

inhibitor solution or suspension that could be stored at room released PPI with an antacid(s). Such forms may optionaDy 

temperature or in a refrigerator for periods of time which comprise non-enteric-coaled PPI. 

exceed those of the prior art while still maintaining 99% of Kits utilizing the inventive dry dosage forms are also 

the initial potency. Additionally, it would be advantageous lo disclosed herein to provide for the easy preparation of a 

have a form of the omeprazole and bicarbonate which can be liquid composition from the dry forms, 

utilized lo instantly make the omeprazole solution/ Id accordance with the present invention, there is further 

suspension of the present invention which is supplied in a provided a method of treating gastric acid disorders by 

solid form which imparts the advantages of improved shelf- ^ orally administering to a patient a pharmaceutical 

life at room temperature, lower cost to produce, less expen- composition(s) and/or dosage form(s) disclosed herein, 

sive shipping costs, and which is less expensive to store. AdditionaUy, the present invention relates to a method for 

It would, therefore, be desirable to have a proton pimip enhancing the pharmacological activity of an intravenously 

inhibitor formulation, which provides a cost-effective means administered proton pump inhibitor in which at least one 

for the treatment of the aforementioned conditions without parietal cell activator is orally administered to the patient 

the adverse effect profile of receptor antagonists, before, during and/or after the intravenous administration of 

antacids, and sucralfate. Further, it would be desirable to the proton pump inhibitor. 

have a proton pump inhibitor formulation which is conve- Finally, the present invention relates to a method for 

nient to prepare and administer to patients unable to ingest optimizing the type and amount of buffer desirable for 

solid dosage forms such as tablets or capsules, which is individual PPIs. 
rapidly absorbed, and can be orally or enterally delivered as 

a liquid form or solid form. It is desirable that the liquid ^^^^ DESCRIPTION OF THE DRAWINGS 
formulation not clog indwelling tubes, such as nasogastric Other advantages of the present invention will be readily 
tubes or other similar tubes, and which acts as an antacid appreciated as the same becomes better understood by 
immediately upon delivery. reference to the following detailed description when con- 
It would further be advantageous to have a potentiator or sidered in connection with the accompanying drawing 
enhancer of the pharmacological activity of the PPIs. It has wherein: 

been theorized by applicant that the PPIs can only exert their FIG. 1 is a graph showing the effect of the omeprazole 

effeas on H*,K*-AITase when the parietal cells are active, solution of the present invention on gastric pH in patients at 

Accordingly, applicant has identified, as discussed below, risk for upper gastrointestinal bleeding from stress-related 

parietal cell activators that are administered to synergist)- mucosal damage; 

cally enhance the activity of the PPIs. FIG. 2 is a flow chart illustrating a patient enrollment 

Additionally, the intravenous dosage forms of PPIs of the scheme; 

prior art are often administered in larger doses than the oral 65 FIG. 3 is a bar graph illustrating gastric pH both pre- and 

forms. For example, the typical adult IV dose of omeprazole post-administration of omeprazole solution according to the 

is greater than 100 mg/day whereas the adult oral dose is 20 present invention; 
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pH values after canaliculus. Once in ihc^BKc milieu of the secretory 

the oral administratioD of both ChocoBasc plus lansoprazole canaliculus, the PPI is apparently protonatcd (ionized) and 

and lansoprazole alone; converted to the active form of the drug. Generally, ionized 

FIG 5 is a graph illustrating a pH probe confirmation of proton pump inhibitors arc membrane impermeable and 

Q£I^Q. 5 form disulfide covalenl bonds with cysteine residues in the 

alpha subimit of the proton ptmip. Sudi active forms are 

DETAILED DESCRIPTION OF THE included within the definition of "PPr herein. 

INVENTION The inventive pharmaceutical composition comprising a 

I. Introduction proton pump inhibitor such as omeprazole, lansoprazole or 

In general, the present invention relates to a pharmaceu- lo other proton pump inhibitor and derivatives thereof can be 

tical composition comprising a proton pump inhibitor and a used for the treatment or prevention of gastrointestinal 

buffering agent with or without one or more parietal cell conditions including, but not limited to, active duodenal 

activators, and which is not enteric coated, sustained or ulcers, gastric ulcers, dyspepsia, gastroesophageal reflux 

delayed-relcase. While the present invention may be embod- disease (GERD), severe erosive esophag^lis, poorly respon- 

ied in many different forms, several specific embodiments 15 sive symptomatic GERD, and pathological hypersecretory 

are discussed herein with the understanding that the present conditions such as Zollinger Ellison Syndrome. Treatment 

disclosure is to be considered only as an exemplification of of these conditions is accomplished by administering to a 

the principles of the invention, and it is not intended to limit patient an effective amount of the pharmaceutical composi- 

thc invention to the embodiments illustrated. tion according to the present invention. 

For the purposes of this application, the term "proton 20 The proton pump inhibitor is administered and dosed in 

pump inhibitor" (or "PPr) shall mean any substituted accordance with good medical practice, taking into account 

benzimidazole possessing pharmacological activity as an the clinical condition of the individual patient, the site and 

inhibitor of H*,K*-ArPase, including, but not limited to, method of administration, scheduling of administration, and 

omeprazole, lansoprazole, pantoprazole, rabeprazole, other factors known to medical practitioners. The term 

csomeprazole, pariprazole, and leminoprazole. The dcfini- 25 "effective amount" means, consistent with . considerations 

lion of "PPI" also means that the active agents of the present known in the art, the amount of PPI or other agent effective 

invention may be administered, if desired, in the form of to achieve a pharmacologic effect or therapeutic improve- 

salls, esters, amides, enantiomers, isomers, tautomers, ment without undue adverse side effects, including but not 

prodrugs, derivatives and the like, provided the salt, ester, limited to, raising of gastric pH, reduced gastrointestinal 

amide, enantiomer, isomer, tautomer, prodrug, or derivative 30 bleeding, reduction in the need for blood transfusion, 

is suitable pharmacologically, that is, effective in the present improved survival rate, more rapid recovery, parietal cell 

methods, combinations and compositions. Salts, esters, activation and JC-ATPase inhibition or improvement or 

amides, enantiomers, isomers, tautomers, prodrugs and elimination of symptoms, and other indicators as are 

other derivatives of the active agents may be prepared using selected as appropriate measures by those skilled in the art. 

standard procedures known to those skiUed in the art of 35 The dosage range of omeprazole or other proton pump 

synthetic organic chemisuy and described, for example, by inhibitors can range from less than approximately 2 mg/day 

}. March, Advanced Organic Chemistry; Reactions, Mecha- to approximately 300 mg/day. For example, the standard 

nisms and Structure, 4th Ed. (New York: Wiley-Interscicnce, approximate adult daily oral dosage is typically 20 mg of 

1992). omeprazole, 30 mg lansoprazole, 40 mg pantoprazole, 20 

The therapeutic agents of the present inyeniion can be 40 mg rabeprazole, 20 mg esomeprazole, and the pharmaco- 

formulated as a single pharmaceutical composition or as logically eqmvalent doses of pariprazole and leminoprazole. 

independent multiple pharmaceutical dosage forms. Phar- A pharmaceutical formulation of the proton pump inhibi- 

maceutical compositions according to the present invention tors utilized in the present invention can be administered 

include those suitable for oral, rectal, buccal (for example, oraUy or enterally to the patient. This can be accomplished, 

sublingual), or parenteral (for example, intravenous) 45 for example, by administering the solution via a nasogastric 

administration, although the most suitable route in any given (ng) tube or other indwelling mbes placed in the GI tract. In 

case will depend on the nature and severity of the condition order to avoid the critical disadvantages associated with 

being treated and on the nature of the particular compound administering large amounts of sodium bicarbonate, the PPI 

which is being used. solution of the present invention is administered in a single 

As explained further herein, the PPIs generally inhibit so dose which does not require any further administration of 

ATPase in the same way. Differences in onset and relative bicarbonate, or other buffer following the administration of 

potencies are largely due to differences in the acid instability the PPI solution, nor does it require a large amount of 

of the parent compounds. bicarbonate or buffer in total. That is, unlike the prior art PPI 

The inventive composition comprises dry formulations, solutions and administration protocols outlined above, the 

solutions and/or suspensions of the proton pump inhibitors. 55 formulation of the present invention is given in a single 

As used herein, the terms "suspension" and "solution" are dose, which does not require administration of bicarbonate 

interchangeable with each other and mean solutions and/or either before or after administration of the PPI. The present 

suspensions of the substituted benzimidazoles. invention eliminates the need to pre- or post-dose with 

After absorption of the PPI (or administration additional volumes of water and sodium bicarbonate. The 

intravenously) the drug is delivered via the bloodstream to 60 amount of bicarbonate administered via the single dose 

various tissues and cells of the body including the parietal administration of the present invention is less than the 

cells. Not intending to be bound by any one theory, research amount of bicarbonate administered as taught in the prior art 

suggests that when PPI is in the form of a weak base and is references cited above, 

non-ionized, it freely passes through physiologic II. Preparation of Oral Liquids 

membranes, including the ceDular membranes of the parietal 65 As described in Phillips U.S. Pat. No. 5,840,737, the 

cell. It is believed that the non-ionized PPI moves into the liquid oral pharmaceutical composition of the present inven- 

acid-secreting portion of the parietal cell, the secretory tion is prepared by mixing omeprazole enteric-coated gran- 
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e base, or other mg omeprazole, with a rWfrof approximately 0.2 mEq 

proton pump inhibitor or derivatives thereof with a solution (mmole) to 5 mEq (mmolc) per 2 mg of omeprazole, 

inchiding at least one buffering agent (with or without a In an embodiment of the present invention, enterically- 

parietal cell activator, as discussed below). In one coated omeprazole particles are obtained from delayed 

embodiment, omeprazole or other proton pump inhibitor, 5 release capsules (Prilosec® AsuaZeneca). Alleraalively, 

which can be obtained from powder, capsules, and tablets or omeprazole base powder can be used The cnlcrically coaled 

obtained from the solution for parenteral administration, is omeprazole particles are mixed with a sodium bicarbonate 

mixed with a sodium bicarbonate solution to achieve a (NaHC03) «)l^tion (8.4%), which dissoKes the entenc 

desired final omeprazole (or other PPO concentration. As an coating and forms ^ omepra^le soluUon. 

, y } 1 • ,k 1 . .v^ « The mvenuve solutions and other dosage forms of the 

example, the concentration of omeprazole m the soluuon 10 ^^^^ pharmacokinetic advanuges over 

can range from approximately 0.4 mg/ml to approxmiate ly ^^^^^^ enteric^ated and time-released PPl dosage forms, 

10.0 mg/ml. The preferred conccntrauon for the omeprazole including: (a) more rapid drug absorbance time (about 10 to 

in the solution ranges from approximately 1.0 mg/ml lo 60 minutes) foUowing adminisu-aiion for the PPl solution or 

approximately 4.0 mg/ml, with 2.0 mg/ml bemg the standard ^^^^^ ^^^^^ 2 3 following administration 

concentration. For lansoprazole (Prevacid® TAP 15 for the enteric-coated pellets; (b) the buffer sohilion protects 

Pharmaceuticals, Inc.) the concentration can range from ppj fjom acid degradation prior to absorption; (c) the 

about 0.3 mg/ml lo 10 mg/ml with the preferred conccntra- buffer acts as an antacid while the PPl is being absorbed for 

lion being about 3 mg/ml. rapid antacid relief and (d) the solutions can be adminis- 

Although sodium bicarbonate is the preferred buffering tered through an existing indwelling tube without clogging, 

agent to protect the PPIs against acid degradation, many 20 for example, nasogastric or other feeding tubes (jejunal or 

other weak and strong bases (and mixmres thereof) can be duodenal), including small bore needle catheter feeding 

utilized. For the purposes of this apphcation, "buffering tubes. 

agent" or "buffer" shall mean any pharmaceulicaDy appro- Solutions, suspensions and powders for reconstilulable 

priale weak base or strong base (and mixtures thereof) that, delivery systems include vehicles such as suspending agents 

when formulated or delivered with (e.g., before, during 25 (for example, gums, xanthans, ccllulosics and sugars), 

and/or after) the PPl, functions to substantially prevent or humectants (for example, sorbitol), solubilizers (for 

inhibit the acid degradation of the PPl by gastric acid example, ethanol, water, PEG and propylene glycol), sur- 

sufficient to preserve the bioavailability of the PPl admin- faclants (for example, sodium lauryl sulfate. Spans, TWcens, 

istered. The buffering agent is administered in an amount and cetyl pyridine), preservatives and antioxidants (for 

sufficient to substantially achieve the above functionality. 30 example, parabens, vitamins £ and C, and ascorbic acid). 

Therefore, the buffering agent of the present invention, when ami-caking agents, coaling agents, and chelating agents (for 

in the presence of gastric acid, must only elevate the pH of example, EDTA). 

the stomach sufBcicntly to achieve adequate bioavailability Additionally, various additives can be incorporated into 

of the drug to effect therapcuiic action. the inventive solution to enhance its stability, sterility and 

Accordingly, examples of buffering agents include, but 35 isotonicity. Antimicrobial preservatives, such as ambicin, 

are not limited to, sodium bicarbonate, potassium antioxidants, chelating agents, and additional buffers can be 

bicarbonate, magnesium hydroxide, magnesium lactate, added. However, microbiological evidence shows that this 

magnesium gluconate, other magnesium salts, aluminum formulation inherenlly possesses antimicrobial and antifiin- 

hydroxide, aluminum hydroxide/sodium bicarbonate gal activity. Various antibacterial and antifungal agents such 

coprecipitate, a mixture of an amino acid and a buffer, a 40 as, for example, parabens, chlorobutanol, phenol, sorbic 

mixture of aluminum glycinate and a buffer, a mixture of an acid, and the like can enhance prevention of the action of 

acid salt of an amino acid and a buffer, and a mixture of an microorganisms. 

alkali salt of an amino acid and a buffer. Additional buffering In many cases, it would be desirable to include isotonic 

agents include sodium citrate, sodium tartarate, sodium agents, for example, sugars, sodium chloride, and the like, 

acetate, sodium carbonate, sodium polyphosphate, potas- 45 Additionally, thickening agents such as methyl cellulose are 

sium polyphosphate, sodium pyrophosphate, potassium desirable to use in order to reduce the settling of the 

pyrophosphate, disodium hydrogenphosphate, dipotassium omeprazole or other PPl or derivatives thereof from the 

hydrogenphosphate, trisodium phosphate, tripotassium suspension. 

phosphate, sodium acetate, potassium metaphosphaie, mag- The liquid oral solution may further comprise flavoring 

nesium oxide, magnesium hydroxide, magnesium so agents (e.g., chocolate, tbalmaniin, aspartame, root beer or 

carbonate, magnesium silicate, calcium acetate, calcium watermelon) or other flavorings stable at pH 7 to 9, anti- 

glycerophosphate, calcium cholridc, calcium hydroxide, cal- foaming agents (e.g., simethicone 80 mg, Mylicon<&) and 

cium lactate, calcium carbonate, calcium bicarbonate, and parietal cell activators (discussed below), 

other calcium salts. The present invention further includes a pharmaceutical 

The pharmaceutically acceptable carrier of the oral hquid 55 composition comprising omeprazole or other proton pump 
may comprise a bicarbonate salt of Group lA metal as inhibitor and derivatives thereof and at least one buffering 
buffering agent, and can be prepared by mixing the bicar- agent in a form convenient for storage, whereby when the 
bonale salt of the Group LA metal, preferably sodium composition is placed into an aqueous solution, the oompo- 
bicarbonate, with water The concenu-alion of the bicarbon- sition dissolves and/or disperses yielding a suspension suit- 
ate salt of the Group lA metal in the composition generally 60 able for enteral administration to a subject. The pharmaceu- 
ranges from approximately 5.0 percent to approximately tical composition is in a solid form prior to dissolution or 
60.0 percent. In one embodiment, the content of the bicar- suspension in an aqueous solution. The omeprazole or other 
bonate salt of the Group lA metal ranges from about 3 mEq PPIs and buffering agent can be formed into a tablet, 
to about 45 mEq per oral dose. capsule, peDets or granules, by methods well known to those 

In another embodiment, the amount of sodium bicarbon- 65 skiUed in the art. 

ate 8.4% used in the solution of the present invention is The resultant omeprazole solution is stable at room tem- 

approximaiely 1 mEq (or mmole) sodium bicarbonate per 2 perature for several weeks and inhibits the growth of bac- 
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teria or fungi as shown io Example^BKlow. lodeed, as 
established in Example XIII, ibe solution maintains greater 
than 90% of its potency for 12 months. By providing a 
pharmaceutical composition including omeprazole or other 
PPI with buffer in a solid form, which can be later dissolved 
or suspended in a prescnbed amount of aqueous solution to 
yield the desired concentration of omeprazole and buffer, the 
cost of production, shipping, and storage are greatly reduced 
as no liquids are shipped (reducing weight and cost), and 
there is no need to refrigerate the solid form of the compo- 
sition or the solution. Once mixed the resultant solution can 
then be used to provide dosages for a single patient over a 
course of time, or for several patients, 
in. Tablets and Other Solid Dosage Forms 

As mentioned above, and as described in part in Phillips 
U.S. Pal. No. 5,840.737, the formulations of the present 
invention can also be manufaaured in concentrated forms, 
such as powders, capsules, tablets, suspension tablets and 
effervescent tablets or powders, which can be swallowed 
whole or first dissolved such that upon reaction with water, 
gastric secretions or other diluent, the aqueous form of the 
present invention is produced. 

The present pharmaceutical tablets or other solid dosage 
forms disintegrate rapidly in aqueous media and form an 
aqueous solution of the PPI and buffering agent with mini- 
mal shaking or agitation. Such tablets utilize commonly 
available materials and achieve these and other desirable 
objeaives. The tablets or other solid dosage forms of this 
invention provide for precise dosing of a PPI that may be of 
low solubility in water. They may be particularly useful for 
medicating children and the elderly and others in a way that 
is much more acceptable than swallowing or chewing a 
tablet. The tablets that are produced have low friability, 
making them easily transportable. 

The term "suspension tablets" as used herein refers to 
compressed tablets which rapidly disintegrate after they are 
placed in water, and are readily dispersible to form a 
suspension containing a precise dosage of the PPI. The 
suspension tablets of this invention comprise, in 
combination, a therapeutic amount of a PPI, a buffering 
agent, and a disintegrant. More particularly, the suspension 
tablets comprise about 20 mg omeprazole and about 4-30 
m£q of sodium bicarbonate. 

Croscarmellose sodium is a known disintegrant for tablet 
formulations, and is available from FMC Corporation, 
Philadelphia, Pa. under the trademark Ac-Di-Sol®. It is 
frequently blended in compressed tableting formulations 
either alone or in combination with microcrystalline cellu- 
lose to achieve rapid disintegration of the tablet. 

Microcrystalline cellulose, alone or co processed with 
other ingredients, is also a common additive for compressed 
tablets and is well known for its ability to improve com- 
pressibility of difficult to compress tablet materials. It is 
commercially available under the Avicel® trademark. Two 
different Avicel® products are utilized, Avicel® PH which is 
microcrystalline cellulose, and Avicel® AC-815, a co pro- 
cessed spray dried residue of microcrysiaUine cellulose and 
a calcium-sodium alginate complex in which the calcium to 
sodium ratio is in the range of about 0.40:1 to about 2.5:1. 
While AC-815 is comprised of 85% microcrystalline cellu- 
lose (MCC) and 15% of a calcium-sodium alginate complex, 
for purposes of the present invention this ratio may be varied 
from about 75% MCC to 25% alginate up to about 95% 
MCC to 5% alginate. Depending on the particular formula- 
tion and active ingredient, these two components may be 
present in approximately equal amounts or in unequal 
amounts, and either may comprise from about 10% to about 
50% by weight of the tablet. 
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The su^osion tablet cflipiSition may, in addition to the 
ingredients described above, contain other ingredients often 
used in pharmaceutical tablets, including flavoring agents, 
sweetening agents, flow aids, lubricants or other common 
tablet adjuvants, as will be apparent to those skilled in the 
art. Other disintegrants, such as crospovidone and sodium 
starch glycolate may be employed, although croscarmellose 
sodium is preferred. 

In addition to the suspension tablet, the solid formulation 
of the present invention can be in the form of a powder, a 
tablet, a capstile, or other suitable solid dosage form (e.g., a 
pelleted form or an effervescing tablet, troche or powder), 
which creates the inventive solution in the presence of 
diluent or upon ingestion. For example, the water in the 
stomach secretions or water, which is used to swallow the 
solid dosage form, can serve as the aqueous diluent. 

Compressed tablets are solid dosage forms prepared by 
compacting a formulation containing an active ingredient 
and excipients selected to aid the processing and improve 
the properties of the product. The term "compressed tablet" 
generally refers to a plain, uncoated tablet for oral ingestion, 
prepared by a single compression or by pre-compaction 
tapping followed by a final compression. 

Dry oral formulations can contain excipients such as 
binders (for example, hydroxypropylmethylcellulose, poly- 
vinyl pyrilodone, other cellulosic materials and starch), 
diluents (for example, lactose and other sugars, surcb, 
dicalcium phosphate and cellulosic materials), disintegrat- 
ing agents (for example, starch polymers and oeUulosic 
materials) and lubricating agents (for example, stearates and 
talc). 

Such solid forms can be manufactured as is well known 
in the art. Tablet forms can include, for example, one or 
more of lactose, mannitol, com starch, potato starch, micro- 
crystalline celliilose, acacia, gelatin, colloidal silicon 
dioxide, croscarmellose sodium, talc, magnesium stearate, 
stearic acid, and other excipients, colorants, diluents, buff- 
ering agents, moistening agents, preservatives, flavoring 
agents, and pbarmaceutically compatible carriers. The 
manufacturing processes may employ one, or a combination 
of, four established methods: (1) dry mixing; (2) direct 
compression; (3) milling; and (4) non-aqueous granulation. 
Lachman et al.. The Theory and Practice of Industrial 
Pharmacy (1986). Such tablets may also comprise film 
coatings, which preferably dissolve upon oral ingestion or 
upon contact with diluent. 

Non -limiting examples of buffering agents which could 
be utilized in such tablets include sodium bicarbonate, alkali 
earth metal salts such as calcium carbonate, calcium 
hydroxide, calcium lactate, calcium glycerophosphate, cal- 
cium acetate, magnesium carbonate, magnesium hydroxide, 
magnesium silicate, magnesium aluminate, aluminum 
hydroxide or aluminum magnesium hydroxide. A particular 
aUcali earth metal salt useful for making an antacid tablet is 
calcium carbonate. 

An example of a low density alkali earth metal salt useful 
for making the granules according to the present invention 
is extra hght calcium carbonate available from Specialty 
Minerals Inc., Adams, Me. The density of the extra light 
calcium carbonate, prior to being processed according to the 
present invention, is about 0.37 g/ml. Other acceptable 
buffers are provided throughout this application. 

The granules used to make the tablets according to one 
embodiment of the present invention are made by either 
spray drying or pre -compacting the raw materials. Prior to 
being processed into granules by either process, the density 
of the alkali earth metal salts useful in the present invention 
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ranges from about 0.3 g/ml to aboul^^g/ml, preferably dioxide, resulting in effervSRnce. It should be noted that 

about 035 g/ml to about 0.45 g/ml, even more preferably any acid-base combination wbich results in the liberation of 

about 0.37 g/ml to about 0.42 g/ml. carbon dioxide could be used in place of the combination of 

Additionally, the present invention can be manufactured sodium bicarbonate and citric and tartaric acids, as long as 

by utilizing micronized compounds in place of the granules s the ingredients were suitable for pharmaceutical use, and 

or powder. Micronization is the process by which solid drug result in a pH of about 6.0 or higher, 

particles arc reduced in size. Since the dissolution rate is It should be noted that it requires 3 molecules of NaHCOj 

directly proportional to the surface area of the solid, and to neutralize 1 molecule of citric acid and 2 molecules of 

reducing the particle size increases the surface area, reduc- NaHCOs to neutralize 1 molecule of tartaric acid. It is 

ing the particle size increases the dissolution rate. Although lo desired that the approximate ratio of ingredients is as 

micronization results in increased surface area possibly follows: 

causing particle aggregation, which can negate the benefit of Citric Acid:Tartaric AcidiSodium Bicarbonate- 1:2:3. 44 (by 

micronization and is an expensive manufacturing step, it weight). This ratio can be varied and continue to produce 

does have the significant benefit of increasing the dissolution an effective release of carbon dioxide. For example, ratios 

rate of relatively water insoluble drugs, such as omeprazole is of about 1:0:3 or 0:1:2 are also effective, 

and other proton pump inhibitors. The method of preparation of the effervescent granules of 

The present invention also relates to administration kits to the present invention employs three basic processes: wet and 

ease mixing and administration. A month's supply of pow- dry granulation, and fusion. The fusion method is used for 

der or tablets, for example, can be packaged with a separate the preparation of most commercial effervescent powders. It 

month's supply of diluent, and a re-usable plastic dosing 20 should be noted that although these methods are intended for 

cup. More specifically, the package could contain thirty (30) the preparation of granules, the formulations of effervescent 

suspension tablets contaioiog 20 mg omeprazole each, 1 L salts of the present invention could also be prepared as 

sodium bicarbonate 8.4% solution, and a 30 ml dose cup. tablets, according to well known prior art technology for 

The user places the tablet in the empty dose cup, fills it to tablet preparation. 

the 30 ml mark with the sodium bicarbonate, waits for it to 25 Wet grantilation is the oldest method of granule prepara- 

dissolve (gentle stirring or agitation may be used), and then tion. The individual steps in the wet granulation process of 

ingests the suspension. One skilled in the art will appreciate tablet preparation include milling and sieving of the ingre- 

. that such kits may contain many different variations of the dients; dry powder mixing; wet massing; granulation; and 

above components. For example, if the tablets or powder are final grinding. 

compounded to contain PPI and buffering agent, the diluent 30 Dry granulation involves compressing a powder mixture 

may be water, sodium bicarbonate, or other compatible into a rough tablet or ""slug'* on a heavy-duty rotary tablet 

diluent, and the dose cup can be larger or smaller than 30 ml press. The slugs are then broken up into granular particles by 

in size. Also, such kits can be packaged in unit dose form, a grinding operation, usuaUy by passage through an oscil- 

or as weekly, monthly, or yearly kits, etc. lation granulator. The individual steps include mixing of the 

Although the tablets of this invention are primarily 35 powders; compressing (slugging); and grinding (slug reduc- 

intended as a suspension dosage form, the granulations used tion or granulation). No wet binder or moisture is involved 

to form the tablet may also be used to form rapidly disin- in any of the steps. 

tegrating chewable tablets, lozenges, troches, or swallow- The fusion method is the most preferred method for 

able tablets. Therefore, the intermediate formulations as well preparing the granules of the present invention. In this 

as the process for preparing them provide additional novel 40 method, the compressing (slugging) step of the dry granu- 

aspects of the present invention. lation process is eliminated. Instead, the powders are heated 

Effervescent tablets and powders are also prepared in in an oven or other suitable source of beat, 

accordance with the present invention. Effervescent salts IV. PPls Administered with Parietal Cell Activators 

have been used to disperse medicines in water for oral Applicant has unexpectedly discovered that certain 

administration. Effervescent salts are granules or coarse 45 compounds, such as chocolate, calcium and sodium bicar- 

powders containing a medicinal agent in a dry mbcture, bonate and other alkaline substances, stimulate the parietal 

usuaUy composed of sodium bicarbonate, citric acid and cells and enhance the pharmacologic activity of the PPI 

tartaric acid. When the salts are added to water, the acids and administered. For the purposes of this application, ^parietal 

the base react to liberate carbon dioxide gas, thereby causing cell activator" or ""activator" shall mean any compound or 

"effervescence." 50 mixttu-e of compounds possessing such stimulatory effect 

The choice of ingredients for effervescent granules including, but not limited to, chocolate, sodium bicarbonate, 

depends both upon the requirements of the manufacturing calcium (e.g., calcium carbonate, calcium gluconate, cal- 

process and the necessity of making a preparation which cium hydroxide, calcium acetate and calcium 

dissolves readily in water. The two required ingredients are glycerophosphate), peppermint oil, spearmint oil, coffee, tea 

at least one acid and at least one base. The base releases 55 and colas (even if decaffeinated), caffeine, theophylline, 

carbon dioxide upon reaction with the acid. Examples of theobromine, and amino acids (particularly aromatic amino 

such acids include, but are not limited to, tartaric acid and acids such as phenylalanine and tryptophan) and combina- 

citric acid. Preferably, the acid is a combination of both tions thereof, and the salts thereof. 

tartaric acid and ciuic acid. Examples of bases include, but Such parietal cell activators are administered in an 

are not limited to, sodium carbonate, potassium bicarbonate 60 amount sufficient to produce the desired stimulatory effect 

and sodium bicarbonate. Preferably, the base is sodium without causing untoward side effects to patients. For 

bicarbonate, and the effervescent combination has a pH of example, chocolate, as raw cocoa, is administered in an 

about 6.0 or higher. amount of about 5 mg to 2.5 g per 20 mg dose of omeprazole 

Effervescent salts preferably include the following (or equivalent pharmacologic dose of other PPI). The dose 

ingredients, which actually produce the effervescence: 65 of activator administered to a mammal, particularly a 

sodium bicarbonate, citric acid and tartaric acid. When himian, in the context of the present invention should be 

added to water the acids and base react to Liberate carbon sufficient to effea a therapeutic response (i.e., enhanced 
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effect of PPI) over a reasonable lime flHTThe dose will be 
determined by tbe strength of the particular compositions 
employed and tbe condition of the peison, as well as the 
body weight of the person to be treated. The size of the dose 
also will be determined by the existence, nature, and extent 5 
of any adverse side effects that might accompany tbe admin- 
istration of a particular composition. 

Tbe approximate effective ranges for various parietal cell 
activators per 20 mg dose of omeprazole (or equivalent dose 
of other PPO are: lo 
Chocolate (raw cocoa) — 5 mg to 2.5 g 
Sodium bicarbonate — 1 mEq to 25 mEq 
Calcium carbonate — 1 mg to 1.5 g 
Calcium gluconate — 1 mg to 1.5 g 
Calcium lactate — 1 mg to 13 g 
Calcium hydroxide — 1 mg to 1.5 g 
Calcium acetate — 05 mg to 13 g 
Calcium glycerophosphate — 03 mg to 1.5 g 
Peppermint oil— (powdered form) 1 mg to 1 g 
Spearmint oil — (powdered form) 1 mg to 1 g 
Cbffee — ^20 ml to 240 ml 
Tea— 20 ml to 240 ml 
Cola— 20 ml to 240 ml 
Caffeine — 03 mg to 13 g 
Theophylline — 0.5 mg lo 1.5 g 
Theobromine — 03 mg to 13 g 

Phenylalanine — 03 mg lo 1.5 g ^ 
Tryptophan — 0.5 mg to 13 g 

PharmaceuticaUy acceptable carriers are well-known to 
those who are skilled in the art. Tbe choice of carrier will be 
determined, in part, both by the particular composition and 
by the particular method used to administer the composition. 
Accordingly, there is a wide variety of suitable formulations 
of tbe pharmaceutical compositions of the present invention. 
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jll^PLES 



The present invention is further illustrated by the follow- 
ing formulations, which should not be construed as limiting 
in any way. The practice of the present invention will 
employ, unless otherwise indicated, conventional techniques 
of pharmacology and pharmaceutics, which are within the 
skill of the an. 

Example I 

A. Fast Disintegrating Suspension Tablets of Omeprazole 
A fast disintegrating tablet is compounded as follows: 
Croscarmellose sodium 300 g is added to tbe vortex of a 
rapidly stirred beaker containing 3.0 kg of deionized water. 
This slurry is mixed for 10 minutes. Omeprazole 90 g 
(powdered) is placed in the bowl of a Hobart aiixer. After 
mixing, the slurry of croscarmellose sodium is added slowly 
to the omeprazole in the mixer bowl, forming a granulation, 
which is then placed in trays and dried at 70** C. for three 
hours. Tbe dry granulation is then placed in a blender, and 
to it is added 1,500 g of Avicel® AC-815 (85% microcrys- 
talline cellulose coprocessed with 15% of a calcium, sodium 
alginate complex) and 1,500 g of Avicel® PH-302 
(microcrystaUine cellulose). After this mixture is thoroughly 
blended, 35 g of magnesium stearate is added and mixed for 
5 minutes. The resulting mixture is compressed into tablets 
on a standard tablet press (Hala HS). These tablets have an 
average weight of about 0.75 g, and contain about 20 mg 
omeprazole. These tablets have low firiability and rapid 
disintegration time. This formulation may be dissolved in an 
aqueous solution containing a buffering agent for immediate 
oral administration. 

Alternatively, the suspension tablet may be swallowed 
whole with a solution of buffering agent. In both cases, the 
preferred solution is sodium bicarbonate 8.4%. As a further 
alternative, sodium bicarbonate powder (about 975 mg per 
20 mg dose of omeprazole (or an equipotent amount of other 
PPI) is compounded directly into the tablet. Such tablets are 
then dissolved in water or sodium bicarbonate 8.4%, or 
swallowed whole with an aqueoiis diluent. 



Bl. 10 mg Tablet Formula. 

Omeprazole 

Calcium lactate 

Calcium glycerophospbau 

Sodium bicaibonate 

Aspartame calcium (phenylalanine) 

Colloidal sOicon dioxide 

Corn starch 

Croscarmellose sodium 

Dextrose 

Peppermint 

Maltodextiin 

Mannitol 

Pre gelatinized starch 

B2. 10 m% Tablet Fbnnula. 

PPI: one of tbe following: 

Omeprazole 

Lansoprazole 

Pantoprazole sodium 

Rabeprazole sodium 

Other PPI in an equipotent amount 

Calcium lactate 

Calcium glycerophosphate 

Aspartame calcium (phenylalanine) 

Colloidal silicon dioxide 

Corn starch 

Croscarmellose sodium 



10 mg (or lansoprazole or pantoprazole 
or other PPI in an cqu^xHent amount) 
175 mg 
175 mg 
250 mg 
0.5 mg 
12 mg 
15 mg 
12 mg 
10 mg 
3 mg 
3 mg 
3 mg 
3 mg 



10 mg 

15 mg 

20 mg 

10 mg 



375 mg 
375 mg 
0.5 mg 
12 mg 
15 mg 
12 mg 
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-continued 



Dextrose 
Pcppcnniiit 
Maltodexuin 
MAunitol 

FregeUtinized starch 

B3. 10 mg Tablet Fonnula. 

PPI: one of the following: 

Omeprazole 

Lansoprazole 

Paotoprazole sodium 

Rabeprazole sodium 

Other PPI in an equipotent amount 

Sodium bicarbonate 
Aspartame sodium (phenylalanine) 
Colloidal silicon dioxide 
Corn starch 

Croscarmellose sodium 

Dextrose 

Peppermint 

Maltodextrin 

Maruitol 

Pregclatinizcd starch 

CI. 20 mg Tablet Formula. 

Omeprazole 

Caldum lactate 

Caldum glycerophosphate 

Sodium bicarbonate 

A^artame calcium (phenylalanine) 

Colloidal silicon dioxide 

Com starch 

Croscannellose sodium 
Dextrose 

Caldum hydroxide 
Peppermint 
Maltodextrin 
Mannitol 

Pregelatinized starch 

C2. 20 mg Tablet Fonnula. 

PPI: One of the following: 

Omeprazole 

Lansoprazole 

Pantoprazolc 

Other PPI in an equipotent amount 



10 mg 
3 mg 
20 mg 
30 mg 
30 mg 



10 mg 
15 mg 
20 mg 
10 mg 



750 mg 
0.5 mg 
12 mg 
15 mg 
12 mg 
10 mg 
3 mg 
20 mg 
30 mg 
30 mg 



20 mg (or lansoprazole or pantoprazole or 
other PPI in an equipotent amount) 
175 mg 
175 mg 
250 mg 
0.5 mg 
12 mg 
15 mg 
12 mg 
10 mg 
10 mg 
3 mg 
3 mg 
3 tn% 
3 mg 



20 mg 
30 mg 
40 mg 



Caldum lactate 


375 


mg 


Caldum glycerophosphate 


375 


mg 


Aspaname caldum (phenylalanine) 


0.5 


mg 


Colloidal silicon dioxide 


12 


mg 


Com starch 


15 


mg 


Croscarmellose sodium 


12 


mg 


Dextrose 


10 


mg 


Peppermint 


3 


mg 


Maltodextrin 


20 


mg 


Maimitol 


30 


mg 


Pregelatinized starch 


30 


mg 


C3. 20 mg Tablet Formula. 






PPI: One of the following: 






Omeprazole 


20 


mg 


Lansoprazole 


30 


mg 


Pantoprazole 


40 


mg 


Other PPI in an equipotent amount 






Sodium bicarbonate 


750 


mg 


Aspartame sodium (phenylalanine) 


0.5 


mg 


Colloidal silicon dioxide 


12 


mg 


Com starch 


15 


mg 


Croscarmellose sodium 


12 


mg 


Dextrose 


10 


mg 


Peppermint 


3 


mg 


Maltodextrin 


20 


mg 


Mannitol 


30 


mg 


Pregelatinized starch 


30 


mg 
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Dl. Tablet for Rapid Diasolution. 

Omeprazole 

Cftldum lactate 

Calduzn glycerophosphate 

Sodium bicarbonate 

C&Iduzn hydroxide 

Croscarmellosc sodliuin 

D2. Tablet for Rapid Dissolution. 

PPI: Odc of the following: 

Omeprazole 

Laosopmzole 

Paotoprazole 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an equipotcnt amount 

Caldum lactate 

Caldum glycerophosphate 

Caldum hydroxide 

CiDscarmellose sodium 

D3. Tablet for Rapid Dissolution. 

PPI: One of the following: 

Omeprazole 

Lansoprazole 

Paotoprazole 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an equipotcnt amount 

Sodium bicarbonate 

Trisodium phosphate dodecahydrate 

Croscarmellose sodium 

El. Powder for Reconstitution 

for Oral Use (or per ng tube). 

Omeprazole 

Caldum lactate 
Caldum glycerophosphate 
Sodium bicarbonate 
Caldum hydroxide 
Glycerine 

E2. Powder for Reconstitution 
for Oral Use (or per ng tube). 
PPI: One of the following: 

Omeprazole 

Lansoprazole 

Paotoprazole 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an equipotent amoimt 

Caldum lactate 
Caldum glycerophosphate 
Caldum hydroxide 
Glycerine 

E3. Powder for Reconstitution 
for Oral Use (or per ng tube). 
PPI: One of the following: 

Omeprazole 

Lansoprazole 

Paotoprazole 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an equipotcnt amount 

Sodium bicarbonate 
Trisodium phosphate 
Fl. 10 mg Tablet Formula. 



20 mg (or lansoprazole or pantoprazole or 
er PPI in an equipotcnt amount) 



175 mg 
175 mg 
500 mg 
50 mg 
12 mg 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 



300 mg 
300 mg 
50 mg 
12 mg 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 

700 mg 
100 mg 
12 mg 



20 mg (or lansoprazole or pantoprazole or 
other PPI in an eqwpotent amount) 
175 mg 
175 mg 
500 mg 

50 mg 
200 mg 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 



300 mg 
300 mg 
50 mg 
200 mg 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 



850 mg 
50 mg 



Omeprazole 
Caldum lactau 



10 mg (or lansoprazole or pantoprazole or 
other PPI in an equipotent amount) 
175 mg 
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Caldum glyocrophosphate 
Soditun bicaiboaate 
Polyethylene glycol 
CioscanneUose sodium 
Peppci mint 
Magnesium silicste 
M&gDcsiuin stcaratc 
F2. 10 mg Tablet Fonnula.. 
PPI: One of the foilowiag: 

Omcpmzole 

Laosopnzole 

Pantoprazole sodium 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an cquipotcnt amount 

Caldum lactate 
Caldum glyceropbospbate 
Polyetbyleoe glycol 
CioscanneUose sodium 
PeppenniiU 
Magnesium silicate 
Magnesium stearate 
F3. 10 mg Tfablet Fonnula. 
PPI: One of the following: 

Omeprazole 

Lansopiazole 

Pantoprazole sodium 

Rabeprazole sodium 

Esomeprazole magnesium 

Other PPI in an cquyotent amount 

Soditun bicarbonate 
Polyethylene glycol 
Croscarmellose sodium 
Peppermint 
Magnesium silicate 
Magnesium stearate 
Gl. 10 mg Tablet Formula. 

Omeprazole 

Caldum lactate 

Caldum glyceropbospbate 

Sodium bicarbonate 

Croscarmellose sodium 

Prege latinized starch 

G2. 10 mg T^let Formula. 

PPI: One of the following: 

Omeprazole 

Lansoprazole 

Pastc^razole sodium 

Rabeprazole sodiimi 

Esomeprazole magnesium 

Other PPI in an equipotent amoimt 



175 mg 
250 mg 
20 mg 
12 mg 
3 mg 
1 mg 
1 mg 



10 mg 
15 mg 
20 mg 
10 mg 
10 mg 



475 mg 
250 mg 
20 mg 
12 mg 
3 mg 
10 mg 
10 mg 



10 mg 
15 mg 
20 mg 
10 mg 
10 mg 



700 mg 
20 mg 
12 mg 
3 mg 
10 mg 
10 mg 



10 mg (or lansoprazole or pantoprazole or 
other PPI in an equipotent amoum) 
200 mg 
200 mg 
400 mg 
12 mg 
3 mg 



10 mg 
15 mg 
20 mg 
10 mg 
10 mg 



Caldum lactate 400 mg 

Caldum glycerophosphate 400 mg 

Croscarmellose sodium 12 mg 

Pregelatinized starch 3 mg 
G3. 10 mg Tdblet Formula. 
PPI: One of the following: 

Omeprazole 10 mg 

Lansoprazole 15 mg 

Pantoprazole sodium 20 mg 

Rabeprazole sodium 10 mg 

Esomeprazole magnesium 10 mg 
Other PPI in an equipoteni amount 

Sodium bicarboanie 750 mg 

Croscarmellose sodium 12 mg 

Pregelatinized starch 3 mg 
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All of tbc lablets aod powders o^^^Examplc may be 

swallowed whole, chewed or mixed with an aqueous -coolinued 
medium prior to administratioD. 






Time Interval 


pH Measured 


5 


4 boun post dose 


6 




6 hours post dose 


5 




8 boun post dose 


4 



Example 11 

Slaodard Tablet of PPl and Buffering Agcnl. 
Ten (10) tablets were prepared using a standard tablet 

press, each tablet comprising about 20 mg omeprazole and ^ , -„ j • ,u - f u 

about 975 mg sodium bicarbonate untfonnly dispersed jo ^ne skilled id the anof pharmaauucaloompo^^ 

throughout the tablet. To test the disintegration rate^f the a^^^ate that bulk powders can be manufacm 

.AA^A .^An If "'/^B^/' " ' ^ ujc ^^^^ ^^^^^ q£ ingredients, and that the powder can be 

tablets, each was added to 60 ml of waten Using previously tablets using standard binders Vnd excipients. 

prepared liquid omeprazole/sodium bicarbonate solution as Such tablets are then mixed with water to activate the 

a visual comparator, it was observed that each tablet was effervescent agents and create the desired solution. In 

completely dispersed m under three (3) minutes. 15 addition, lansoprazole 30 mg (or an equipptent dose of other 

Another study using the tablets compounded according to P^O be substituted for omeprazole, 

this Example evaluated the bioactivity of the tablets in five The effervescent powder and tablets can alternatively be 

(5) adult critical care patients. Each subject was adminis- formulated by employing the above mixture but adding an 

lered one tablet via ng with a small amount of water, and the additional 200 mg of sodium bicarbonate USP to create a 

pH of ng aspirate was monitored using paper measure. The 20 resulting solution with a higher pH. Further, instead of the 

pH for each patient was evaluated for 6 hours and remained excess 200 mg of sodium bicarbonate, 100 mg of calcium 

above 4, thus demonstrating the therapeutic benefit of the glycerophosphate or 100 mg of calcium lacutc can be 

ublets in these patients. employed. Combinations of the same can also added. 

Tablets were also prepared by boring out the center of Example V 

sodium bicarbonate USP 975 mg tablets with a knife. Most ^ Parietal CeU Activator "Choco-Base™" Formulations and 

of the removed sodium bicarbonate powder was then trim- Efficacy 

rated with the contents of a 20 mg Prilosec® capsule and the children are affected by gastro esophageal reflux disease 

I^llld'S^^^^ " ^^^^ ^^yP^^* manLtations Vny of these atypi- 

ana seaiea wim giycenn. ^ symptoms are difficult to control with traditional drugs 

P , such as Hj-antagonists, cisapride, or sucralfate. PPIs arc 

xamp e effective in controlling gastric pH and the symptoms of 

PPI Central Core Tablet. GERD than other agents. However, PPIs are not available in 

Tablets are prepared in a two-step process. First, about 20 ^^^'^ '^^'^ ff," ^^^^ to administer to young children, 
mg of omeprazole is formed into a tablet as is known in the 35 J'^^^l^}^'^ P'°^*^E»' applicant employed omeprazole or 
an to be used as a central core. Second, about 975 mg l"""?''^!",!," ' ^''f"^^ T?™^" ^^"^^ 

sodium bicarbonate USP is used to uniformly surround the ^'f^' "^'^ manifestauons of GERD. 

central core to form an outer protective cover of sodium ^ Applicant performed a retrospective evaluation of chil- 
bicarbonate. The central core and outer cover arc both 9^^^ '^^^^^ ^^"^ University of Missouri- 

prepared using standard binders and other excipients to ^ Columbia from 1995 to 1998 who received treatment with 
create a finished, pharmaceutically acceptable tablet. The expenmenlal omeprazole or lansoprazole Choco-Base 

lablets may be swaUowed whole with a glass of water suspension formulated in accordance with Formulation 1 

stated below. Data were included on all patients with follow 
Example IV information sufficient to draw conclusions about pre/post 

45 treatment (usually >6 months). There were 25 patients who 
Effervescent Tablets and Granules. nact the criteria for this evaluation. Age range was several 

The granules of one 20 mg Prilosec® capsule were weeks to greater than 5 years. Most patients had a history of 
emptied into a mortar and triturated with a pestle to a fine unsuccessful attempts at ameliorating the effects 

powder. The omeprazole powder was then geometricaUy Me^^^ca^on histories indicated many trials of 

diluted with about 958 mg sodium bicarbonate USP. about 50 various drugs. 

832 mg citric acid USP and about 312 mg potassium primary investigator reviewed aU charts for unifor- 

carbonaie USP to form a homogeneous mbcture of efferves- of data collection. When insufficient data was available 

cent omeprazole powder. This powder was then added to ^ University charts, attempts were made to review 
about 60 ml ofwater whereupon the powder reacted with the ^° primary care physicians' offices for 

water to create effervescence. A bubbling solution resulted 55 follow-up data. If information was stiU unavailable to 
of omeprazole and principally the antacids sodium citrate review, attempts were made to contact family for follow-up. 
and potassium citrate. The solution was then administered !^ unavailable the patients were considered 

orally to one adult male subject and gastric pH was mea- inevaluable. 

sured using pHydrion paper. The results were as follows: Patient charts were reviewed in detail. Data noted were 

60 date of commencement of therapy, date of termination of 
therapy and any reason for termination other than response 

— — — — to treatment. Patient demographics were also recorded, as 

Time Interval pH Measured were any Other medical illnesses. Medical illnesses were 

Unmediaieiy prior to dose 2 divided grossly into those that are associated with or exac- 

1 hour post dose 7 65 erbate GERD and those that do not. 

2 hours post dose 6 Patient charts were examined for evidence of response to 

therapy. As this was largely a referral population, and a 
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retrospective review, quanlificatiS^^ symptomatology 
based on scores, office visits and ED visits was difficult. 
Therefore, applicant examined charts for evidence of an 
overall change in patient symptoms. Any data to point 
towards improvement, decline or lack of change were exam- 
ined and recorded. 
Results 

A total of 33 pediatric patients to date have been treated 
with the above-described suspension at the University of 
Missouri-Columbia. Of the 33 patients, 9 were excluded 
from the study, all based upon insufficient data about 
commencement, duration or outcome in treaunent with PPI 
therapy. This left 24 patients with enough data to draw 
conclusions. 

Of the 24 remaining patients, 18 were males and 6 
females. Ages at implementation of PPI therapy ranged from 
2 weeks of age to 9 years old. Median age at stan of therapy 
was 26.5 months [mean of 37 mo.]. Early on, reflux was 
usually documented by endoscopy and confirmed by pH 
probe. EventuaUy, pH probe was dropped and endoscopy 20 
was the sole method for documenting reflux, usually at the 
time of another surgery (most often T-tubes or 
adenoidectomy). Seven patients had pH probe confirmation 
of GERD, whereas 18 had endoscopic confirmation of reflux 
including all eight who had pH probing done (See FIGS. 5 
and 6). Reflux was diagnosed on endoscopy most commonly 
by cobblesloning of the tracheal wall, with laryngeal and 
pharyngeal cobblestoning as findings in a few patients. Six 
patients had neither pH nor endoscopic documentation of 
GERD, but were tried on PPI therapy based on symptoma- 
tology alone. 

Past medical history was identified in each chart. Ten 
patients had reflux-associated diagnoses. These were most 
commonly cerebral palsy, prematurity and Pierre Robin 




or 23 mg po qd of lansop^B^. All remaining patients were 
given either the 20 mg omeprazole or the 23 mg lansopra- 
zole treatment qd, except in one case, where 30 mg of 
lansoprazole was used. Patients were instructed to take their 
5 doses once per day, preferably at night in most cases. 
Suspensions were all filled through the University of Mis- 
souri Pharmacy at Green Meadows. This allowed for track- 
ing of usage through refill data. 
Most patients responded favorably to and tolerated the 
30 once daily dosing of Qioco-Base proton pump inhibitor 
suspension. Two patients had documented adverse effects 
associated with the use of the PPI suspension. In one patient, 
the mother reported increased burping up and dyspepsia, 
which was thought to be related to treatment failure. The 
15 other patient had small amounts of bloody stools per mother. 
This patient never had his stool tested, as his bloody stool 
promptly resolved upon cessation of therapy, with no further 
sequcllae. The other 23 patients had no documented adverse 
effects. 

Patients were categorized based on review of clinic notes 
and chart review into general categories: (1) improved; (2) 
unchanged; (3) failed; and (4) inconclusive. Of 24 patients 
with sufficient data for follow up, 18 showed improvement 
in symptomatology upon commencement of PPI therapy 
25 [72%], The seven who did not respond were analyzed and 
grouped. Three showed no change in symptomatology and 
clinical findings while on therapy, one complained of wors- 
ening symptoms while on therapy, one patient had therapy 
as prophylaxis for siugery, and two stopped therapy just 
30 after its commencement (see FIG. 8). Setting aside the cases 
in which therapy was stopped before conclusions could be 
drawn and the case in which PPI therapy was for purely 
prophylactic reasons, leaves (17/21) 81% of patients that 



responded to Cboco-Base suspension. This means that 19% 
sequence. Other diagnoses were Charcot-Marie-Tooth 35 (4/21) of patients received no apparent benefit from PPI 
disease. Velocardiofacial syndrome, Down syndrome and therapy. Of aU these patients, only 4% complained of 
De George's syndrome. Non-reflux medical history was also worsening symptoms and the side effects were 4% (1/21) 
identified and recorded separately (See Table 2 below). and were mild bloody stool that completely resolved upon 

Patients were, in general, referral patients from local cessation of therapy, 
family practice clinics, pediatricians, or other pediatric 40 Discussion 

health care professionals. Most patients were referred to GERD in the pediatric population is relatively common, 
ENT for tipper airway problems, sinusitis, or recurrent/ affecting almost 50% of newborns. Even though most 
chronic otitis media that had been refractory to medical infants outgrow physiologic reflux, pathologic reflux still 
therapy as reported by the primary care physician. Symp- affects approximately 5% of aU children throughout child- 
toms and signs most commonly found in these patients were 45 hood. RecenUy considerable data has pointed to reflux as an 



recorded and tallied. All signs and symptoms were broken 
down into six major categories: (1) nasal; (2) otologic; (3) 
respiratory; (4) gastrointestinal; (5) sleep-related; and (6) 
other. The most common problems fell into one or all of the 
first 3 categories (See Table 1 below). 50 

Most patients had been treated in the past with medical 
therapy in the form of antibiotics, steroids, asthma medica- 
tions and other diagnosis-appropriate therapies. In addition, 
nine of the patients had been on reflux therapy in the past, 
most commonly in the form of conservative therapy such as 55 
head of bed elevation 30**, avoidance of evening snacks, 
avoidance of caffeinaled beverages as well as cisapride and 
ranitidine (See FIG. 7). 



etiologic factor in extra-esophageal areas, GERD has been 
attributed to sinusitis, dental caries, otitis media, asthma, 
apnea, arousal, pneumonia, bronchitis, and cough, among 
others. Despite the common nature of reflux, there seems to 
have been little improvement in therapy for reflux, espe- 
cially in the non-surgical arena. 

The standard of therapy for the treatment of GERD in the 
pediatric population has become a progression from conser- 
vative therapy to a combination of a pro-kinetic agent and 
H-2 blocker therapy. Nonetheless, many patients fail this 
treatment protocol and become surgical candidates. In 
adults, PPI therapy is effective in 90% of those trealed for 
gastroesophageal reflux disease. As a medical alternative to 
the H-2 blockers, the proton pump inhibitors have not been 



The proton pump inhibitor suspension used in this group 

of patients was Choco-Base suspension of either lansopra- 60 studied extensively in'^the pediatric population. Part of the 

zole or omeprazole. The dosing was very uniform, with reason for this lack of data may be relaled to the absence of 

patients receiving doses ofeitber 10 or 20 mg of omeprazole a suitable dosage formulation for this very young 

and 23 mg of lansoprazole. Initially, in April of 1996 when population, primarily under 2 years of age, that does not 

therapy was first instituted 10 mg of omeprazole was used, swallow capsules or tablets. It would be desirable to have a 

There were 3 patients in this early phase who were trealed 65 true liquid formulation (solution or suspension) with good 

miiialJy with 10 mg po qd of omeprazole. All three subse- palatability such as is used for oral antibiotics, 

quently were increased to either 20 mg po qd of omeprazole decongestants, antihistamines, H-2 blockers, cisapride'. 
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metoclopramide, etc. The use of IlH^razole granules 
(lemoved from tbe gelatin capule) and sprinkled on apple 
sauce has been approved by the Food and Drug Adminis- 
tration as an alternative method of drug administration in 
adults but not in children. Published data are lacking on the 
efficacy of the lansoprazole ^rinkle method in children. 
Omeprazole has been studied for bioequivalence as a 
sprinkle in adults and appears to produce comparable senim 
concentrations when compared to the standard capsule. 
Again no data are available on the omeprazole sprinkle in 
children. An additional disadvantage of omeprazole is its 
taste which is quinine-like. Even when suspended in jtiice, 
applesauce or the like, the bitter nature of the medicine is 
easily tasted even if one grantde is chewed. For this reason 
applicant eventuaUy progressed to use lansoprazole in 
Choco-Base. Pantoprazole and rabeprazole are available as 
enteric-coated tablets only. Currently, none of the proton 
pump inhibitors available in the United States are approved 
for pediatric use. There is some controversy as to what the 
appropriate dosage should be in this group of patients. A 
recent review by Israel D., et al. suggests that effective PPI 
dosages should be higher than that originally reported, i.e., 
from 0.7 mg/kg to 2 or 3 mg/kg omeprazole. Since toxicity 
with the PPls is not seen even at >50 mg/kg, there appears 
little risk associated with tbe higher dosages. Based on 
obsen^ations at tbe University of Missouri consistent with 
the findings of this review, applicant established a simple 
fixed dosage regimen of 10 ml Choco-Base suspension daily. 
This 10 ml dose provided 20 mg omeprazole or 23 mg 
lansoprazole. 

In the ICU setting, the University of Missouri-Columbia 
has been using an unflavored PPI suspension given once 
daily per various tubes (nasogastric, g-tube, jejunal feeding 
tube, duo mbe, etc.) for stress ulcer prophylaxis. It seemed 
only logical that if this therapy could be made into a 
palatable form, it would have many ideal drug characteris- 
tics for the pediatric population. First, it would be liquid, and 
therefore could be administered at earlier ages. Second, if 
made flavorful it could help to reduce noncompliance. Third, 
it could afford once daily dosing, also helping in reducing 
noncompliance. In the process, applicant discovered that the 
dosing could be standardized, which nearly eliminated dos- 
ing complexity. 

Choco-Base is a product which protects drugs which are 45 
acid labile, such as proton pump inhibitors, from acid 
degradation. The first few pediatric patients with reflux 
prescribed Choco-Base were sicker patients. They had been 
on prior therapy and bad been diagnosed both by pH probe 
and endoscopy. In the first few months, applicant treated 50 
patients with 10 mg of omeprazole qd (1 mg/kg) and found 
this to be somewhat ineffective, and quickly increased tbe 
dosing to 20 mg (2 mg/kg) of omeprazole. About halfway 
through the study, applicant began using lansoprazole 23 mg 
po qd. Applicant's standard therapy was then either 20 mg 55 
of omeprazole or 23 mg of lansoprazole once daily. Tbe 
extra 3 mg of lansoprazole is related only to the fact that tbe 
final concentration was 2.25 mg/ml, and applicant desired to 
keep dosing simple, so he used a 10 ml suspension. 

The patients that were treated represented a tertiary care 60 
center population, and tbey were inherently sicker and 
refractory to medical therapy in the past. The overaD 72% 
success rate is slightly lower than the 90% success rates of 
PPIs in the adult population, but this can be attributed to tbe 
refractory nature of their illness, most having failed prior 65 
non-PPI treatment. The population in this study is not 
indicative of general practice populations. 
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Conclusion 

PPI therapy is a beneficial therapeutic option in the 
treatment of reflux related symptoms in the pediatric popu- 
lation. Its once daily dosing and standard dosing scheme 
combined with a palatable formulation makes it an ideal 
pharmacologic agent. 

TABLE 1 



Symptoms 


Patient Numbers 


Nasal: 


35 


Sinusitis 


7 


Congestion 


8 


Nasal discbarge 


. 16 


Other 


4 


Otologic: 


26 


Otitis Media 


17 


Otorritea 


9 


Respiratory: 


34 


Cough 


10 


Wheeze 


n 


Re^iratory Distress: 


5 


Pneumonia 


2 


Other 


6 


Gastrointestinal: 


10 


Abdominal Pain 


1 


RefluzAbmiting 


4 


Other 


4 


Sleep Disturbances: 


11 


Other 


2 


TABLE2 


Past Medical History 


Number of Patients 


Reflux Associated: 


12 


Premature 


5 


Piene-Robin 


2 


Cerebral Palsy 


2 


Down Syndrome 


1 


Cbarcot-Marie-Toolh 


1 


Velocardiofiacial Syndrome 


1 


Other Medical History 


12 


Cleft Palate 


3 


Asthma 


■3 


Autism 


2 


Seizure Disorder 


1 


Diabetes Mellitus 


1 


Subglottic Stenosis 


1 


Tracheostomy Dependent 


1 



FORMULATION I 



PART A INGREDIENTS 


AMOUNT (mg) 


Omeprazole 


200 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


1800 


Com Syrup Solids 


6000 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricalcium Phosphate 


20 


D^>otassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium Stearoyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT (ml) 


Distilled Water 


100 
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FORMUUOION I 



COMPOUNDING INSTRUCnOMS 

Add Part B to Part A to create a total vohunc of 
approximately 130 ml with an omeprazole 
coocentiation of about 1^ mg/ml. 



FORMULATION 2 



PART A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26000 


Cocoa 


3800 


Com Syrup Solids 


6000 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricalcium Phosphate 


20 


Dipoiassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium Siearoyl Laaylate 


5 


PART B INGREDIENTS 


AMOUNT 


DistDled Water 


100 ml 


Sodium Bicaibonate 


8400 mg 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCTIONS 





Mix the constituents of Part B together thoroughly 
and then add to Pan A. This results in a total 
volume of approximately 130 ml with an omeprazole 
concentration of about U mg/ml. 



FORMUlAnON 3 



PART A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


1800 


Com Symp Solids 


6O00 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricaldum Phosphate 


20 


D^>otassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium Stearoyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 
Omeprazole 

COMPOUNDING INSTRUCTIONS 


100 ml 
200 mg 



This formulation is reconstituted at the time of use 
by a pharmacist. Part B is mixed first and is then 
uniformly mixed with the components of Pan A. A 
final voliune of about 130 ml is created having an 
omeprazole concentration of about 1.5 mg/ml. 



FORMULATION 4 



PART A INGREDIENTS (mg) 



AMOUNT (mg) 



Sucrose 
Cocoa 



26000 
1800 



10 



15 



20 




^DtiDued 



P0RMUL«10N 4 



Cora Syrup Solids 


6000 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricalcium Phosphate 


20 


T^TW^MCKitim Phrkcnkat* 
L/lOUUUiOllUIl rouopiiBic 


19 


Silicon Dioxide 


5 


Sodium Stearoyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Sodium Bicarbonate 


8400 mg 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCHGNS 





This formulation is reconstituted at the time of use 
by a pharmadsL Part B is mixed first and is then 
uniformly mixed with the components of Pan A. A 
final volume of about 130 ml is created having an 
omeprazole concentration of about 1.5 mg/ml. 



In aU four of the above fonnulations, lansoprazole or 
25 other PPI can be substituted for omeprazole in equipotcnl 
amounts. For example, 300 mg of lansoprazole may be 
substituted for the 200 mg of omeprazole. AdditionaUy, 
aspartame can be substituted for sucrose, and the following 
other ingredients can be employed as carriers, adjuvants and 
3Q excipients: maltodextrin, vanilla, carrageenan, mono and 
diglycerides, and lactated monoglycerides. One skiUed in 
the art will appreciate that not all of the ingredients are 
necessary to create a Choco-Base formulation that is safe 
and effective. 

35 Omeprazole powder or enteric-coated granules can be 
used in each formulation. If the entenc<oated granules are 
used, the coating is either dissolved by the aqueous diluent 
or inactivated by trituration in the compounding process, 
i^licant additionally analyzed the effects of a lansopra- 

40 zole G)oco-Base formulation on gastric pH using a pH 
meter (Fisher Scientific) in one adult patient versus lanso- 
prazole alone. The patient was first given a 30 mg oral 
capsule of lansoprazole (Prevacid®), and the patient's gas- 
tric pH was measured at 0, 4, 8, 12, and 16 hours post dose. 

45 The results are illustrated in FIG. 4. 

The ChocoBase product was compounded according to 
Formulation 1 above, except 300 mg of lansoprazole was 
tised instead of omeprazole. A dose of 30 mg lansoprazole 
Choco-Base was orally administered at hour 18 post lanso- 

50 prazole alone. Gastric pH was measured using a pH meter at 
hours 18, 19, 24, 28. 32, 36, 40, 48, 52, and 56 post 
lansoprazole alone dose. 

FIG. 4 illustrates the lansoprazole/cocoa combination 
resulted in higher pH, at hours 19-56 than lansoprazole 

55 alone at hours 4-18. Therefore, the combination of the 
lansoprazole with chocolate enhanced the pharmacologic 
activity of the lansoprazole. The results establish that the 
sodium bicarbonate as well as chocolate flavoring and 
calcium were aU able to stimulate the activation of the 

60 proton pumps, perhaps due to the release of gastrin. Proton 
pump inhibitors work by fiinciionaDy inhibiting the proton 
pump and effectively block activated proton pumps 
(primarily those inserted into the secretory canalicular 
membrane). By further administering the proton pump 

65 inhibitor with one of these activators or enhancers, there is 
a synchronization of activation of the proton pump with the 
absorption and subsequent parietal cell concentrations of the 
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proton pump inhibitor. As iUustrateJ^BR}. 4, this combi- cimetidiDe (Tagamet® j^^Kuous infusion intravenously 

nation produced a much longer pharmacologic effect than (900 mg/24 hours)xfive days $109.61; 

when the proton pump inhibitor was administered alone. sucralfate one g slurry four limes a day per (ng) tubexfive 

Example VI , days $73.00; and 

, , buffered omeprazole solution regimen per (ng) tubexfive 

CombmaUon Tablet Dehvcnng Bolus And Tune-Released ^^^^ $65.70. 

Doses of PPI jjj^ example illustrates the eflficacy of the buffered ome- 

Tablets were compounded using known methods by form- prazole solution of the present invention based on the 

ing an inner core of 10 mg omeprazole powder mixed with increase in gastric pH, safety and cost of the buffered 
750 mg sodium bicarbonate, and an outer core of 10 mg omeprazole solution as a method for SRMD prophylaxis, 
omeprazole enteric-coated granules mixed with known 

binders and excipients. Upon ingestion of the whole tablet. Example VIII 

the tablet dissolves and the inner core is dispersed in the 

stomach where it is absorbed for immediate therapeutic Effect on pH. 

effect. The entericK^oated granules are later absorbed in the ^5 E^^ments were carried out in order to determine the 

duodenum to provide symptomatic relief later in the dosmg effect of the omeprazole solution (2 mg omeprazole/1 ml 

cycle. This tablet is particularly useful in patients who NaHC03-8.4%) administration on the accuracy of subse- 

experience breakthrough gastritis between conventional quent pH measurements through a nasogastric tube. 

doses, such as while sleeping or in the early morning hours. .,r^r. ri_irj 

20 After preparing a total of 40 mg of buffered omeprazole 

Example Vll solution, in the manner of Example VII, doses were admin - 

— * A r t' istered into the stomach, usually through a nasogastric (ng) 

merapeuuc /^jplicauon. Nasogastric tubes from nine different institutions were 

Patients were evaluable if they met the following criteria: gathered for an evaluation. Artificial gastric fluid (gf) was 

had two or more risk factors for SRMD (mechanical prepared according to the USR pH recordings were made in 

ventilation, head injury, severe bum, sepsis, multiple ^ triplicate using a Microcomputer Portable pH meter model 

trauma, adult respiratory distress syndrome, major surgery, 6007 (Jenco Electronics Ltd., Taipei, Taiwan), 

acute renal failure, multiple operative procedures. FikU the terminal portion (tp) of the nasogastric tubes was 

coagulotherapy, significant hyponension, ac,d-base placed into a glass beaker containing thelaTtric fluid. A 5 ml 

disorder, and hepauc failure), gastric pH of ^4 pnor to study , q^^^ aspirated through each mbe and 

entry, and no concomitant prophylaxis for SRMD. pH recorded; this was called the "pie-omeprazole 

The omeprazole solution was prepared by mixing 10 ml solution/suspension measurement." Second, the terminal 

of 8.4% sodium bicarbonate with the contents of a 20 mg portion (ip) of each of the nasogastric tubes was removed 

capsule of omeprazole (Merck & Co. Inc., West Point, Pa.) from the beaker of gastric fluid and placed into an empty 

to yield a solution having a final omeprazole concentration . beaker. Twenty (20) mg of omeprazole solution was deliv- 

of 2 mgAnl. ered through each of the nasogastric tubes and flushed with 

Nasogastric (n^ nibcs were placed in the patients and an ml of tap water. The terminal portion (tp) of each of the 

omeprazole dosage protocol of buffered 40 mg omeprazole Digastric tubes was placed back into the gastric fluid 

solution (2 mg omeprazole/1 ml NaHCOj -8.4%) followed " mcubaUon, a 5 ml ahquot of gastnc fluid 

by 40 mg of tte same buffered omeprazole solution in eight ^ "fPr'^. """"S^ "'^^ T'^^T" "^J^."^^ *cAc 

hours, then 20 mg of the same buffered omeprazole sohitSn ?c-"1-fi'^'n' i '^'^ 

V r n ji AC i_i_ir j 1 [Simplified Omeprazole Solution] measurement. Third, 
per day, for five days. After each buffered omeprazole addition^ hour had passed, the second step was 
solution admmislration, nasogastnc suction was turned off repeated; this was called the "after second dose SOS 
for thirty mmutes. [Simplified Omeprazole Solution] measurement." In addi- 
Eleven patients were evaluable. All patients were 45 tion to the pre-omeprazole measurement, the pH of the 
mechanically ventilated. Two hours after the initial 40 mg gastric fluid was checked in Uiplicate after the second and 
dose of buffered omeprazole solution, all patients had an thirdsteps. A change in the pH measurements of -fZ-O^ units 
increase in gastric pH to greater than eight as shown in FIG. was considered significant. The Friedman test was used to 
1. Ten of the eleven patients maintained a gastric pH of compare the results. The Friedman test is a two way analysis 
greater than or equal to four when administered 20 mg 50 of variance which is used when more than two related 
omeprazole solution. One patient required 40 mg omepra- samples are of interest, as in repeated measurements, 
zole solution per day (closed head injury, five total risk xfae results of these experiments are outlined in Table 3. 
factors for SRMD). Two patients were changed to omepra- 
zole solution after having developed clinically significant TABLE 3 
upper gastrointestinal bleeding while receiving conventional 55 



intravenous H^-antagonists. Bleeding subsided in both cases ng} ng2 ng3 ng4 ng5 og6 ng? ngS ag9 

after twenty-four hours. QinicaUy significant upper gas- (i]gf 13 1 ij ^3 13 13 13 13 13 
trointestinal bleeding did not occur in the other nine patients. 

Overall mortality was 27%, mortality atu-ibutable to upper SOS 

gastrointestinal bleeding was 0%. Pneumonia developed in ^ -^ ^-^ ^-^ ^'^ 

one patient after initiating omeprazole therapy and was ^ 

present upon the initiation of omeprazole therapy in another check 

patient. The mean length of prophylaxis was five days. of gf 

Apharmacoeconomic analysis revealed a difference in the fS ^ , , . * 

. . 1 f f .u u 1 • f on^JT^ [3]gfp 3-3 13 1.4 1.4 1.4 1.3 1.4 IJ 1.3 

total cost of care for the prophylaxis of SRMD: 6S 2°^ 

ranitidine (Zantac®) continuous infusion intravenously Dose 
(150 mg/24 hours)xfive days $125.50; 
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Ho^ital with an intact std^BR, a aasogasthc tube ia place, 

TABLE 3-coDtinucd and an aniicipaled inlensive care unit stay of at least forty- 

— _ ^ -g^j j^^j^ considered for inclusion in the study. To be 

°g3 Dg4 ngs iig6 ng? ngS iig9 included patients also had to have a gastric pH of <4, had lo 

1 j| SOS pH - 9.0 5 be mechanically ventilated and have one of the following 

check additional risk factors for a tninimum of twenty-four hours 

°f 8^ after initiation of omeprazole suspension: bead injury with 

altered level of consciousness, extensive bums (>20% Body 

Surface Area), acute renal failure, acid-base disorder, mul- 
Table 3 illustrates the results of the pH measurements that lO tiple trauma, coagulopathy, multiple operative procedtu'es, 
were taken during the course of the experiment. These coma, hypotension for longer than one hour or sepsis (sec 
results illustrate that there were no statistically significant Table 4). Sepsis was defined as the presence of invasive 
latent effects of omeprazole solution administration (per pathogenic organisms or their toxins in blood or tissues 
nasogastric tube) on the accuracy of subsequent pH mea- resulting in a systematic response that included two or more 
surements obuined through the same nasogastric tube. 15 of the following: temperature greater than 38* C. or less than 
Example IX 36* C, heart rate greater than 90 beats/minute, respiratory 
EflScacy of Buffered Omeprazole Solution in Ventilated greater than 20 breaths/minute (or ^0^ less than 75 mm 
Pa^ignts Hg), and white blood cell count greater than 12,000 or less 
Experiments were performed in order to determine the ^'^^ ^^t"^"^^ more than 10 percent bands (Bone, 
efficacy, safety, and cost of buffered omeprazole solution in {f ^^^'^ Terminology: Definuions of Sepsis, Cnt. Ore 
mechanically ventilated criticaUy ill patients who have at ^^'^'^ (1991)). Patients m whom Hj-antagonist 
least one additional risk factor for stress-related mucosal therapy had failed or who experienced an adverse event 
damage. while receiving Hj-antagonist therapy were also included. 
Patients Patients were excluded from the study if tbey were 
Seventy-five adult, mechanically ventilated patients with 25 receiving azole antifungal agents through the nasogastric 
at least one additional risk factor for stress-related mucosal tube; were likely to swallow blood (e.g., facial and/or sinus 
damage. fi-achires, oral lacerations); had severe thrombocytopenia 
Interventions (platelet count less than 30,000 cells/mm^); were receiving 
Patients received 20 ml omeprazole solution (prepared as enteral feedings through the nasogastric tube; or had a 
per Example VII and containing 40 mg of omeprazole) 30 history of vagotomy, pyloroplasty, or gastroplasty. In 
iniliaUy, followed by a second 20 ml dose six to eight hoiu^ addition, patients with a gastric pH above four for forty- 
later, then 10 ml (20 mg) daily. Omeprazole solution accord- eight hotirs after ICU admission (without prophylaxis) were 
ing to the present invention was administered through a not eligible for participation. Patients who developed bleed- 
nasogastric tube, followed by 5-10 ml of tap water, llie ing within the digestive tract that was not stress-related 
nasogastric tube was clamped for one to two hours after each 35 mucosal damage (e.g., endoscopicaily verified variceal 
administration. bleeding or Mallory- Weiss tears, oral lesions, nasal tears due 
Measurements and Main Results to placement of the nasogastric tube) were excluded from 
The primary outcome measure was clinically significant the efficacy evaluation and categorized as having non-stress- 
gastrointestinal bleeding determined by endoscopic related mucosal bleeding. The reason for this exclusion is 
evaluation, nasogastric aspirate examination, or heme- 40 the confounding effect of non-stress-related mucosal bleed- 
positive coffee ground materia] that did not clear with lavage ing on efficacy-related outcomes, such as the use of naso- 
and was associated with a five percent decrease in hemat- gastric aspirate inspection to define clinicaUy significant 
ocrit. Secondary efficacy measures were gastric pH mea- upper gastrointestinal bleeding, 
sured four hours after omeprazole was first administered. Study Drug Administration 

mean gastric pH after omeprazole was started, and the 45 Omeprazole solution was prepared immediately before 

lowest gasuic pH during omeprazole therapy. Safety-related administration by the patient's niu^ using the following 

outcomes included the incidence of adverse events and the instructions: empty the contents of one or two 20 mg 

incidence of pneumonia. No patient experienced clinically ' omeprazole capsule(s) into an empty 10 ml syringe (with 20 

significant upper gastrointestinal bleeding after receiving gauge needle in place) from which the plunger has been 

omeprazole suspension. The four-bour post omeprazole gas- 50 removed. (Omeprazole delayed -release capsules, Merck & 

Uic pH was 7.1 (mean), the mean gastric pH after starting Co., Inc., West Point, Pa.); replace the plunger and uncap the 

omeprazole was 6.8 (mean) and the lowest pH after starting needle; withdraw 10 ml of 8.4% sodium bicarbonate solu- 

omeprazole was 5.6 (mean). The incidence of pneumonia tion or 20 ml if 40 mg given (Abbott Laboratories, North 

was twelve percent. No patient in this high-risk population dicago. 111.), to create a concentration of 2 mg omeprazole 

experienced an adverse event or a drug interaction that was 55 per ml of 8.4% sodium bicarbonate; and allow the enteric 

attributable to omeprazole. coated pellets of omeprazole to completely breakdown, -30 

Conclusions minutes (agitation is helpful). The omeprazole in the result- 

Omeprazole solution prevented clinically significant ant preparation is partially dissolved and partially sus- 
uppc^ gastrointestinal bleeding and maintained gastric pH pended. The preparation should have a milky white appear- 
above 5.5 in mechanically ventilated critical care patients 60 ance with fine sediment and should be shaken before 
without producing toxicity. administration. The solution was not administered with 
Materials and Methods acidic substances. A high-pressure liquid chromatography 

The study protocol was approved by the Institutional study was performed that demonstrated that this preparation 

Review Board for the University of Missoiui at Columbia. of simplified omeprazole suspension maintains >90% 

Study Population 65 potency for seven days at room temperature. This prepara- 

All adult (>18 years old) patients admitted to the surgical tion remained free of bacteria] and fungal contamination for 

intensive care and bum unit at the University of Missouri thirty days when stored at room temperature (Sec Table 7). 
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on was 40 mg, average instinilional costs sHReprazole 20 mg capsules, SO 

followed by a second 40 mg dose six to eight hours later. sodium bicarbonate vials, and 10 ml syringes with 

then a 20 mg daily dose administered at 8:00 AM. Each dose f^^g. administration. pH monitoring); 

was ^'ta.jmstered th^^^^^ U.e nasogastric tube. THe naso- preparation); and disposal costs. Cosis 

castnc tube was then flushed With 5-10 ml of Up water and c . -j ... ,- •iln.. • c • . .* i 

damped for at least one hour. Omeprazole therapy was ' associated wjth clmica^ sigmficant upper gastiomtestinal 

continued unUl there was no longer a need for stress ulcer »>leedmg mcluded endoscopy charges and accompanymg 

prophylaxis (usually after the nasogastric tube was removed consultation fees, procedures required to stop the bleeding 

and the patient was taking water/food by mouth, or after the (e g., surgery, hemostatic agents, endoscopic procedures), 

patient was removed from mechanical ventilation). increased hospital length of stay (as assessed by the attend- 

Primary Outcome Measures ing physician), and cost of drugs used to treat the gas- 

The primary outcome measure in this study was the rate u-oinlestinal bleeding, 

of clinically sigmficant stress-related mucosal bleeding Statistical Analysis 

defined as endoscopic evidence of stress-related mucosal The paired t-test (two-tailed) was used to compare gastric 

bleeding or bright red blood per nasogastric tube that did not pH before and after omeprazole solution administration and 

clear after a 5-minute lavage or persistent Gastroccult to compare gastric pH before omeprazole solution admin- 

(SmithKline Diagnostics, Sunnyville, Calif.) positive coffee istration with the mean and lowest gastric pH value mea- 

ground material for four consecutive hours that did not clear siu'cd after beginning omeprazole, 

with lavage (at least 100 ml) and produced a 5% decrease in Results: 

hematocrit. 20 Seventy -seven patients met the inclusion and exclusion 

Secondary Outcome Measures criteria and received omeprazole solution (See FIG. 2). Two 

The secondary efficacy measures were gastric pH mea- patients were excluded from the efiScacy evaluation because 

sured four hours after omeprazole was administered, mean the protocol for omeprazole administration was not fol- 

gastric pH after starting omeprazole and lowest gastric pH lowed. In one case, the omeprazole enteric-coated pellets 

during omeprazole administration. Gastric pH was measured ^ had not completely broken down prior to the. administration 

immediately after aspirating gastric contents through the of the first two doses, which produced an erratic efifect on 

nasogastric tube. pH paper (pHydrion improved pH papers, gastric pH. The gastric pH increased to above six as soon as 

Microessential Laboratory, Brooklyn, N.Y.) was used to the patient was given a dose of omeprazole solution (in 

measure gastric aspirate pH. The pH range of the test suips ^ which the enteric coated pellets of omeprazole had been 

was 1 to 11, in increments of one pH unit. Gastric pH was allowed to completely breakdown), 

measured before the initiation of omeprazole solution The reason for the second exclusion was that nasogastric 

therapy, immediately before each dose, and every four hours suctioning was not turned off after the omeprazole dose was 

between doses. administered. This resulted in a transient effect on gastric 

Other secondary outcome measures were incidence of pH. The suction was tiuned off with subsequent omeprazole 

adverse events (including drug interactions) and pneiunonia. doses, and control of gastric pH was achieved. Two patients 

Any adverse event that developed during the study was were considered efGcacy failures because omeprazole failed 

recorded. Pneumonia was defined using indicators adapted to maintain adequate gastric pH control on the standard 

from the Centers for Disease Prevention and Control defi- ^ omeprazole 20 mg/day maintenance dose. When the ome- 

nition of nosocomial pneumonia (Gamer et al., 1988). prazole dose was increased to 40 mg/day (40 mg once/day 

According to these criteria, a patient who has pneumonia is or 20 mg twice/day), gastric pH was maintained above four 

one who has rales or dullness to percussion on physical in both patients. These two patients were included in the 

examination of the chest or has a chest radiograph that safety and efficacy evaluations, including the gastric pH 

shows new or progressive infiltrate(s), consolidation, 45 analysis. After the two patients were declared failures, their 

cavitation, or pleural effusion and has at least two of the pH values were no longer followed, 

following present: new purulent sputum or changes in The ages of the remaining seventy-five patients ranged 

character of the ^utum, an organism isolated from blood from eighteen to eighty-seven years; forty-two patients were 

culture, fever or leukocytosis, or evidence of infection from male and thirty-three were female. All patients were 

a protective specimen brush or bronchoalveolar lavage. mechanically ventilated during the study. Table 4 shows the 

Patients who met the criteria for pneumonia and were frequencyof risk factors for stress- related bleeding that were 

receiving antimicrobial agents for the treatment of pneumo- exhibited by the patients in this study. The most common 

nia were included in the pneumonia incidence figure. These risk factors in this population were mechanical ventilation 

criteria were also used as an initial screen before the first 55 and major surgery. The range of risk factors for any given 

dose of study drug was administered to determine if pneu- patient was two to ten, with a mean of 3 (±1) (standard 

monia was present prior to the start of omeprazole suspen- deviation). Five patients enroUed in the study had developed 

sion. clinically significant bleeding while receiving continuous 

Cost of Care Analysis infusions of ranitidine (150 mg/24 hr) or cimetidine (900 

A pharmacoeconomic evaluation of stress ulcer prophy- mg/24 hr). In aU five cases, the bleeding subsided and the 

laxis using omeprazole solution was performed. The cvalu- gasUic pH rose to above five within thirty-six hours after 

ation included total drug cost (acquisition and initialing omeprazole therapy. Three patients were enrolled 

administration), actual costs associated with adverse events after having developed rwo consecutive gastric pH values 

(e.g., psychiatry consultation for mental confusion), costs ^5 below three while receiving an Hj-antagonist (in the doses 

associated with clinically significant upper gastrointestinal outlined above). In all three cases, gastric pH rose to above 

bleeding. Total drug cost was calculated by adding the five within four hours after omeprazole therapy was initi- 
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ated. Four other patieots were enronPE this study after 
experiencing confusion (n-2) or thrombocytopenia (n-2) 
during Hj-antigcns therapy. Within thirty-six hours of 
switching therapy, these adverse events resolved. 
Stress-related Mucosal Bleeding and Mortality 

None of the sixty-five patients who received buffered 
omeprazole solution as their initial prophylaxis against 
stress-related mucosal bleeding developed overt or clinicaUy 
significant upper gastrointestinal bleeding. In four of the five 
patients who had developed upper gastrointestinal bleeding 
before study entry, bleeding diminished to the presence of 
occult blood only (Gastroccu It -positive) v^thin eighteen 
hours of starting omeprazole solution; bleeding stopped in 
all patients within thirty-six hours. The overall mortality rate 
in this group of critically iU patients was eleven percent. No 
death was attnbutable to upper gastrointestinal bleeding or 
the use of omeprazole solution. 
Gastric pH 

The mean (± standard deviation) pre-omeprazole gastric 
pH was 3.5±1.9. Within four hours of omeprazole 
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care for omeprazole soIuTR^q ihe prophylaxis of stress- 
related mucosal bleeding was $12.60 (See Table 6). 

Omeprazole solution is a safe and effective therapy for the 
prevention of clinically significant stress-related mucosal 
bleeding in critical care patients. The contribution of many 
risk factors to stress-related mucosal damage has been 
challenged recently. All of the patients in this study had at 
least one risk factor that has clearly been associated with 
stress-related mucosal damage — mechanical ventilation. 
Previous trials and data firom a recently published study 
show that stress ulcer prophylaxis is of proven benefit in 
patients at risk and, therefore, it was thought to be unethical 
to include a placebo group in this study. No clinically 
significant upper gastrointestinal bleeding occurred during 
omeprazole solution therapy. Gastric pH was maintained 
above 4 on omeprazole 20 mg/day in seventy-three of 
seventy-five patients. No adverse events or drug interaction 
associated with omeprazole were encountered. 
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Risk factors present in patients in this study (n - 75) 



administration, the gastric pH rose to 7.1±1.1 (See FIG. 3); 
this difference was significant (p<0.001). The differences 
between pre-omeprazole gastric pH and the mean and lowest 
gastric pH measurements during omeprazole administration 
(6.8*0.6 and 5.6±1.3, respectively) were also statistically 
significant (p<0.001). 
Safety 

Omeprazole solution was weU tolerated in this group of 
critically iU patients. Only one patient with sepsis experi- 
enced an adverse event that may have been drug-related 
thrombocytopenia. However, the platelet count continued to 
fall after omeprazole was stopped. The platelet count then 
returned to normal despite reinstitution of omeprazole 
therapy. Of note, one patient on a jet ventilator continuously 
expelled all liquids placed in her stomach up and out through 
her mouth, and thus was unable to continue on omeprazole. 
No clinically significant drug interactions with omeprazole 
were noted during the study period. As stated above, mcta- 
bohc alkalosis is a potential concern in patients receiving 
sodium bicarbonate. However, the amount of sodium bicar- 
bonate in omeprazole solution was small (•'12 m£q/10 ml) 
and no electrolyte abnormalities were found. 
Pneumonia 

Pneumonia developed in nine (12%) patients receiving 
omeprazole solution. Pneumonia was present in an addi- 
tional five patients before the start of omeprazole therapy. 
Pharmacoeconomic evaluation 

The average length of treatment was nine days. The cost 
of care data are listed in Tables 5 and 6. The costs of drug 
acquisition, preparation, and delivery for some of the tradi- 
tional agents used in the prophylaxis of stress-related upper 
gastrointestinal bleeding are listed in Table 5. There were no 
costs to add from toxicity associated with omeprazole solu- 
tion. Since two of seventy-five patients required 40 mg of 
omeprazole solution daily to adequately control gastric pH, 
the acquisition/preparation cost should reflect this. The 
additional 20 mg of omeprazole with vehicle adds seven 
cents per day to the cost of care. Therefore, the daily cost of 



30 

TABLES 

Per day 

RANITIDINE (day 1-9) 



Rantidine ISO mg/24 hr 6.15 

Andllaiy Product (1) Piggyback (60%) 0.75 

Ancillary Product (2) micro tubing (etc.) 2.00 

Ancillary Product (3) filler 0.40 

Sterile Prep required yes 

^ R.N. time ($24/hr) 20 minutes/day (includes pH 8.00 
monitoring) 

R.Ph. time, hood maim. 3 oiinutes (S40/hr) 2.00 

Pump cost $29/24 his x 50%) 14.50 

TOTAL for 9 days 304.20 

RANITIDINE Cost per day 33.80 
45 CIMETIDINE (day 3-^) 

Cimetidine 900 mg/24 hr 3.96 

Ancillary Product (1) Piggyback 1.25 

Ancillary Product (2) micro tubing (etc.) 2.00 

Ancillary Product (3) filter 0.40 

50 Sterile Prep required yes 8.00 

RN. time (S24/hr) 20 minutes/day (includes pH 
monitoring) 

R.Ph. time, hood maint. 3 minutes ($40/hr) 2.00 

Pump cost $29/24 hrs x 50%) 14 JO 

TOTAL for 9 days 288.99 

55 QMETIDINE Cost per day 32.11 
SUCRALFATE (day 1-9) 

Sucralfate 1 g x 4 2.40 

Ancillary Product (1) syringe 0.20 

Sterile Prep required no 

60 RN. time ($24/hr) 30 minutes/day (includes pH 12.00 
monitoring) 

TOTAL for 9 days 131.40 

SUCRALFATE Cost per day 14.60 



Note: 

65 Does not include the cost of failure and/or adverse effect. 

Acquisition, preparation and delivery costs of traditional agents. 
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TABLE 6 




The avenge lengUi of uetioiem was 9 days. 





Per Day 


Total 


40 mg load x 2 (5.66/dosc) 


n.32 


1132 


matcriflls for solulioD prepftration 


0.41 


0.41 


syriage w/oeedle 


0.20 


0.40 


DO 






6 minutes 


2.40 


4.80 


21 minutes/day (indudes pH monitoring) 


8.40 


8.40 


20 mg per day 


2.80 


22.65 


materials for sohition preparation 


0.41 


0.82 


syringe w/needle 


0.20 


1.60 


no 






6 minutes 


Z40 


4.80 



OMEPRAZOLE (day 1) 

Product acquisition cost 
Ancillary product 
Ancillary product 
Sterile preparation required 
SOS preparation time (R.N.) 
R.N. time (S24/hi) 
OMEPRAZOLE (days 2-9) 

Product acqusitioD cost 
Ancillary product 
Andilary product 
Sterile preparation reqtiiied 
SOS preparation time (R.N.) 
R.N. time ($24/hr) 18 minutes/day (includes pH monitoring) 

2/75 patient require 40 mg simplified omeparzole solution per day (days 2-9) 
No additional cost for advcise effecu or for failure 
TOTAL 

Simplified Omeiprazole Solution cost per day 



8.40 



57.60 
0.63 

113.43 
12.60 



Pharmacoeconomic evaluation of omeprazole cost of care 
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7 day 


14 day 
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2.01 


2.07 
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1.98 
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Stability of Simplified Omeprazole Solution at room temperature (25** C.) 
\Uues are the mean of three samples 



Example X 

Bacteriostatic aod Fungistatic Effects of 
Omeprazole Solution 

The antimiCTobial or bacteriostatic effects of the omepra- ^ 
zole solution were analyzed by applicant. An omeprazole 
solution (2 mg/ml of 8.4% sodium bicarbonate) made 
according to the present invention was stored at room 
temperature for four weeks and then was analyzed for fungal 
and bacterial growth. Following four weeks of storage at 
room temperature, no bacterial or fungal growth was 
detected. 

An omeprazole solution (2 mg/ml of 8.4% sodium 
bicarbonate) made in accordance with the present invention 
was stored at room temperature for twelve weeks and then jq 
was analyzed for fungal and bacterial growth. After twelve 
weeks of incubation at room temperature, no fungal or 
bacterial growth was detected. 

The results of these experiments illustrate the bacterio- 
static and fungistatic characteristics of the omeprazole solu- 55 
tion of the present invention. 

Example XI 
A. Bioequivalency Study. 

Healthy male and female study participants over the age 50 
of 18 will be randomized to receive omeprazole in the 
following forms: 

(A) 20 mg of a liquid formulation of approximately 20 mg 
omeprazole in 4.8 m£q sodium bicarbonate qs to 10 ml 
with water; 65 

(B) 20 mg of a liquid formulation of approximately 2 mg 
omeprazole per 1 ml of 8.4% sodium bicarbonate. 



(C) Prilosec® (omeprazole) 20 mg capsule; 

(D) Capsule prepared by inserting non-enteric coated 
omeprazole 20 mg into a #4 empty gelatin capsule 
(Lilly) tmiformly dispersed in 240 mg of sodium bicar- 
bonate powder USP to form an inner capsule. The inner 
capsule is then inserted into a #00 empty gelatin 
capsule (Lilly) together with a homogeneotis mixture of 
600 mg sodium bicarbonate USP and 110 mg pregela- 
tinized starch NF. 

After appropriate screening and consent, healthy volun- 
teers will be randomized to receive one of the following four 
regimens as randomly assigned by Latin Square. Each 
subject will be crossed to each regimen according to the 
randomization sequence until all subjects have received all 
four regimens (with one week separating each regimen). 

Regimen A (20 mg omeprazole in 4.8 mEq sodium 
bicarbonate in 10 ml volume); Regimen B (20 mg omepra- 
zole in 10 ml 8.4% sodiiun bicarbonate in 10 ml volume); 
Regimen C (an intact 20 mg omeprazole capsule); Regimen 
D (Capsule in capsule formulation, see above). For each 
dose/week, subjects will have an i.v. saline lock placed for 
blood sampling. For each regimen, blood samples will be 
taken over 24 hours a total of 16 times (with the last two 
specimens obtained 12 hours and 24 hours after drug 
administration). 

B. Patient Eligibility 

Four healthy females and four healthy males will be 
consented for the study. 

C. Inclusion Criteria 
Signed informed consent. 

D. Exclusion Criteria 

1. Currently taking H2-receptor antagonist, antacid, or 
sucralfate. 

2. Recent (within 7 days) therapy with lansoprazole, 
omeprazole, or other proton pump inhibitor. 

3. Recent (within 7 days) therapy with warfarin. 

4. History of variceal bleeding. 

5. History of peptic ulcer disease or cmrently active G.I, 
bleed. 

6. History of vagotomy or pyloroplasty. 
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7. Patient has received an iovestigHiVal drug witbiD 30 
days. 

8. Treatment with keloconazole or itraconazole. 

9. Patient has an allergy to omeprazole. 

E Phannoookinetic Evaluation and Statistical Analysis ^ 
Blood samples will be centrifuged witbin 2 bours of 
collection and tbe plasma wOl tben separated and frozen at 
-10* C. (or lower) until assayed. Pbarmacokineiic variables 
will include: time to peak concentration, mean peak 
concentration, AUC (0-t) and (0-infinily). Analysis of van- 
aoce wiU be used to detect statistical difference. Bioavail- 
ability will be assessed by tbe 90% confidence interval of tbe 
two one-sided tests on tbe natural logarithm of AUC. 
F. HPLC Analysis 

Omeprazole and internal standard (HI 68/24) will be used. 
Omeprazole and internal standard will be measured by 
modification of the procedure described by Amantea and 
Narang. (Amantea M A, Narang P K. Improved Procedure 
for Quantification cf Omeprazole and Metabolites Using 
Reversed'Phased High Performance Liquid Chromotogra- 
phy.l. Chromatography 426; 216-222(1988)). Briefly, 20 ul 
of omeprazole 2 mg/ml NaHCOj or Choco-Base omepra- 
zole suspension and 100 ul of tbe internal standard are 
vortexed with 150 ul of carbonate biiffer (pH-9.8), 5 ml of 
dichloroethane, 5 ml of hexane, and 980 ul of sterile water. 
After tbe sample is centnfuged, the organic layer is extracted 
and dried over a nitrogen stream. Each pellet is reconstituted 
with 150 ul of mobile phase (40% methanol, 52% 0.025 
phosphate buffer, 8% acetonitrile, pH-7.4). Of the rcconsU- 
tutcd sample, 75 ul is injected onto a C^g 5 U column 
equibVated with tbe same mobile phase at 1.1 ml/min. 
Under tbese conditions, omeprazole is eluted at approxi- 
mately 5 minutes, and tbe internal standard at approximately 
15 minutes. The standard curve is bnear over the concen- 
U-alion range 0-3 mg/ml (in previous work with SOS), and 
tbe between-day coefScient of variation has been <8% at all 
concentrations. Tbe typical mean for tbe standard curve 
has been 0,98 in prior work with SOS (omeprazole 2 mg/ml 
NaHCOg 8.4%). 

Applicant expects that tbe above experiments will dem- 
onsu-ate there is more rapid absorption of formulations (a), 
(b) and (d) as compared to tbe enteric coated granules of 
formulation (c). Additionally, applicant expects that 
although there will be a difference in tbe rates of absorption 
among forms (a) through (d), the extent of absorption (as 
measured by the area under the curve (AUC)) should be 
similar among tbe formulations (a) through (d). 
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Example Xll 

Intraveneous PPI in Combination With Oral 
Parietal Cell Activator 



50 



Sixteen (16) normal, healthy male and female study 
subjects over the age of 18 will be randomized (o receive 
pantoprazole as foUows: 

(a) 40 mg IV over 15 to 30 minutes in combination with 
a 20 ml oral dose of sodium bicarbonate 8.4%; and 

(b) 40 mg IV over 15 to 30 minutes in combination with 

a 20 ml oral dose of water 60 
The subjects wiU receive a single dose of (a) or (b) above, 
and will be crossed-over to (a) and (b) in random fashion. 
Serum concentrations of pantoprazole versus time after 
administration data will be collected, as well as gastric pH 
control as measured with an indwelling pH probe. 65 

Further, similar studies are contemplated wherein choco- 
late or other parietal cell activator is substituted for the 



parietal cell activator sodiSWfcarbonate, and other PPls arc 
substituted for pantoprazole. The parietal cell activator can 
be administered eitber witbin about 5 minutes before, during 
or within about 5 minutes after the IV dose of PPI. 

i^plicant expects that these studies will demonstrate that 
significantly less IV PPI is required to achieve therapeutic 
effect when it is given in combination with an oral parietal 
cell activator 

Additionally, admimstration kits of IV PPI and oral pari- 
etal ceU activator can be packaged in many various forms for 
ease of administration and to optimize packing and shipping 
the product. Such kits can be in unit dose or multiple dose 
form. 

Example XIII 
Six (6) Month Stability of Omeprazole Suspension. 

A suspension was prepared by mixing 8.4% sodium 
bicarbonate with omeprazole to produce a final concentra- 
tion of 2 mg/ml to determine the stability of omeprazole 
solution after 6 months. The resultant preparation was stored 
in clear glass at room temperature, refrigerated and frozen. 
Samples were drawn after thorough agitation from the stored 
preparations at tbe prescnbed times. Tbe samples were then 
stored at 70* C. Frozen samples remained frozen until they 
were analyzed. When the collection process was completed, 
the samples were shipped to a laboratory overnight on dry 
ice for analysis. Samples were agitated for 30 seconds and 
sample aliquots were analyzed by HPLC in triplicate accord- 
ing to well known methods. Omeprazole and the internal 
standard were measured by a modification of tbe procedure 
described by Amantea and Narang. (Amantea M A, Narang 
P K, Improved Procedure For Quantitation Of Omeprazole 
And Metabolites Using Reverse-Phased High-Performance 
Liquid Chromatography y J, Chromatography, 426: 216-222 
(1 988)). Twenty (20) ul of the omeprazole 2 mg/ml NaHCOa 
solution and 100 ul of tbe internal standard solution were 
vortexed with 150 ul of carbonate buffer (pH-9.8), 5 ml 
dichloroethane, 5 ml bexane, and 980 ul of sterile water. The 
sample was centrifuged and the organic layer was extracted 
and dried over a nitrogen stream. Each pellet was reconsti- 
tuted with 150 ul of mobile phase (40% methanol, 52% 
0.025 phosphate buffer, 8% acetonitrile, pH-7.4). Of the 
reconstituted sample, 75 ul were injected onto a C185 u 
column equilibrated with tbe same mobile phase at 1.1 
ml/min. Omeprazole was eluted at -5 min, and the internal 
standard at -7.5 min. The standard curve was linear over the 
concentrated range 0-3 mg/ml, and between-day coefficient 
of variation was <8% at all concenu^ations. Mean for tbe 
standard curve was 0.980. 

Tbe 6 month sample showed stability at greater than 90% 
of the original concentration of 2 mg/ml. (i.e., 1.88 mg/ml, 
1.94 mg/ml. 1.92 mg/ml). 

VI. PPI Compositions and Method for Optimizing the Buffer 
to be Administered in Combination With a PPI 
A. Introduction 

Tbe compositions of tbe present invention are designed to 
produce rapid release of active drug to the site of deb very 
(typically tbe stomach) without the necessity of enteric 
coatings or delayed released dosage forms, while preventing 
add degradation of the drug. Acid labile PPIs, for example, 
can be formulated or coadministered with one or more 
buffers sufficient to protect tbe PPI in any environment, with 
the ultimate goal being to deliver a PPI to the stomach (or 
other environment) either via a liquid, a powder or solid 
dosage form that produces an immediate release of active 
drug to tbe site of delivery such that tbe PPI is quickly 



45 



US 6,645,988 B2 



available for absorption. AccordiDgly^^^picaot has found 
that certain amounts of buffers coadministered or mixed 
with certain PPIs prevent acid degradation of the PPI when 
the buffers produce a pH in the stomach or other site of 
environment that is equal to the pKa of the PPI plus an 5 
amount sufficient to protect the PPI from adds and provide 
undegraded and bioactive PPI to the blood upon adminis* 
tration (e.g., a final pH of pKa of PPI40.7 log value will 
reduce the degradation to about 10%). Such buffers should 
interact with hydrogen ion at rates that exceed the interac- 10 
tion of hydrogen ion with the PPI. Thus, the solubilities of 
the buffers and PPIs are important considerations because 
solubility is a key determinant of the rate of interaction of 
H+ ion with another compound. 

TVpically, a PPI formulation of the present invention 15 
comprises two primary components: a PPI and an Essential 
Buffer. An Essentia] Buffer may include a buffer or combi- 
nation of buffers that interact with HCl (or other acids in the 
environment of interest) faster than the PPI interacts with the 
same acids. When placed in a liquid phase (usually in water), 20 
the Essential Buffer produces and maintains a pH of at least 
the pKa of the PPI. In one embodiment, by raising the pH of 
the environment to the same of the pKa of the PPI plus about 
0.7 log value (or greater), the expected degradation 
(ionization) can be reduced from about 50% to about 10%. 25 
As used herein, the "Essential pH" is the lowest pH of the 
environment of interest needed to minimize or eliminate the 
acid-induced degradation of the PPI. The buffering agent(s) 
employed may raise the pH of the environment to the 
Essential pH such that 30%, 40% or 50% of the PPI is 30 
undegraded, or be present in an amount sufficient to sub- 
stantially protect (i.e., greater than 50% stability) the PPI. 

In another embodiment, the Essential pH is the pKa of the 
PPI. In a further embodiment, the Essential pH is the sum of 
the pKa of the PPI plus log 0.7. A log value of about 0.7 is 35 
added to the pKa, which represents a decrease of about 
5.01187% in stability of the PPI from the pKa plus 1 log 
value, thus resulting in a stability of approximately 90%, a 
value widely accepted as desirable in pharmaceutical prod- 
ucts. In some cases it may be permissible to accept a value 40 
of less than log 0.7. 

One aspect of the invention provides that there is also 
sufficient buffer available to provide the neutralization 
capacity (Essential Buffer Capacity ("EBC")) to maintain 
the elevated pH of the environment (usually gastric) 45 
throughout the dwell time that the PPI is passed from the 
environment and into the blood. 

B. Essential Buffers 

Essential Buffers can be divided into two groups: Primary 
Essential Buffers and Secondary Essential Buffers. Every 50 
formulation is combined with, either directly or indirectly, at 
least one Primary Essential Buffer. The Primary Essential 
Buffers, when used alone or in combination, provide buff- 
ering activity below the value that leads to tissue irritation or 
damage and above a lower limit for the Essential pH of the 55 
PPL Secondary Essential Buffers are not required in every 
formulation but can be combined with Primary Essential 
Buffers to produce a higher pH and added neutralization 
capacity for the formulation. 

Determining the type and dose of buffer to protect add 60 
labDe substituted benzimidazole PPIs (and other drugs) is 
useful for efficacious PPI delivery to and action upon 
parietal cell proton pumps, particularly when the PPI is 
administered as an immediate release product designed to 
disintegrate in the stomach rather than a traditional delayed- 65 
release product designed to disintegrate beyond the stomach 
in higher pH environments such as the duodenum. The 




present compositions and nSKds employ determinations 
of the nature of the buffer(s) to be used, as well as calcu- 
lations to determine Essential pH, buffering capacity, and 
volume measiu'ements for individual PPI doses based on 
their respective solubilities and pKa's. Such inventive meth- 
ods are applicable for determining the type and amount of 
btiffer(s) necessary to protect the PPI in an array of envi- 
ronments (e.g., mouth, esophagus, stomach, duodenum, 
jejunum, rectal vault, nasogastric mbe, or a powder, tablet, 
capsule, liquid, etc. in storage before administration). Dos- 
age forms in storage may be exposed to various 
environments, but a typical set of storage conditions 
includes storage at room temperamre (65-80** F.), and 
minimal or no exposure to beat, cold, light or hiunidity as is 
known in the art. 

The present method includes all substinited benzimida- 
zole PPIs, their salts, esters, amides, enantiomers, racemates, 
prodrugs, derivatives and the like, and is not limited to those 
PPIs used to exemplify the following calculations. 

The Essential Buffering Capacity ("EBC*) is the capacity 
of a PPI/btiffer formulation to resist degradation from its 
environment. The buffering capacity of a PPI/buffer formu- 
lation is primarily derived from components of the formu- 
lation that possess the ability to combine with acids (H+ 
ions) from the environment. The EBC contributes to both 
add neutralization (antacid effect) and to maintaining an 
enviroiunental pH>pKa-f0.7 to protect PPIs &om acid deg- 
radation throughout the dwell time. The Primary Essential 
Buffer is designed to maintain the pH of stomach contents 
(or other environment) at a somewhat constant level within 
a desired range for a period of time so that the PPI can be 
absorbed from the gastric or other environment. 
Accordingly, the Essential Buffer is generally more rapid in 
its complexalion with HQ (or other acid) than the PPI 
administered so that the Essential Buffer is capable of 
protecting the PPI. 

Any weak base, strong base, or combination thereof may 
be a suitable Essential Buffer. Essential Buffers include, but 
are not limited to, electrolytes containing the cations 
sodium, potassium, calcium, magnesium or bismuth. In 
addition, amino acids, proteins or protein hydrolysates can 
serve as Essential Buffers owing to their ability to rapidly 
neutralize acid. When PPIs are mixed with the Essential 
Buffer, the PPIs may be in the free base form, such as 
omeprazole or lansoprazole; in the sodium salt form, such as 
esomeprazole sodium, omeprazole sodium, rabeprazole 
sodium, pantoprazole sodium, etc.; or in a magnesitmi salt 
form such as esomeprazole magnesium or omeprazole mag- 
nesium or calcium salt forms; or other salt forms. Essential 
Buffers provide the Essential Buffering Capacity either 
alone or in combination with Secondary Essential Buffers. 

Tribasic sodium phosphate and sodium carbonate are 
examples of SecoiKlary Essential Buffers for adjusting the 
pH of any Primary Essential Buffer. Secondary Essential 
Buffers may assist the Primary Essential Buffer in producing 
the desirable pH^^ over the dwell time. Secondary Essential 
Buffers neutralize HQ (or other acids in the environment) 
similarly to the Primary Essential Buffers; however, they 
produce pH values too high to be used alone, as they would 
lead to gastrointestinal mucosal irritation. They are used to 
increase the pH and provide additional buffering capacity in 
combination with a Primary Essential Buffer. 

Secondary Essential Buffers do not play an important role 
in protecting the PPI from early acid-induced degradation. 
Because they do not work as rapidly, they do not play a 
major role in PPI protection through the dwell time. Other 
buffers ('*Non-EssentiaI Buffers") can be added to the Pri- 
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mary and/or Secondary Essential ButfSffo provide a latent 
antacid effect that extends beyond the antacid effect of 
Essential Buffers. 

Many additional buffers can be used, alone or in 
combination, to achieve an effective buffering capacity for 
PPls or acid labile drugs. A desirable characteristic of buffers 
includes rapid neutralization of acid environments to greater 
than pKa+0.7 for the drug being considered. 

Non-limiting examples of Primary and Secondary Essen- 
tial Buffers are set forth in Tables 8 and 9 below. 




TABLE 10-continued 



Three 

One Leuer Letter 



SohibOtty 

(gnoo g 

H20at 



10 



TABLES 


Examples of Primarv Essential Buffeis 


MW 


Essential Buffer 


Solubilityt 


pH§ 


Sodium bicarbonate 


9.96 g/100 mL 


8^.4 


84 


Sodium sesquicarbonate 


6_3 g/100 mL 


9.9-10 


174 


Dibasic sodium phosphate 


10 g/100 mL 


8.6-9.3 


142 


Sodium tripolypbo^batc 


6 gm/100 mL 


9.7-10 


368 


Tetrasodium pyrophosphate 


5 g/100 mL 


9.8-10.3 


266 


Sodium citrate 


72 g/100 mL 


5 


294 


Calcium citrate 


10 mg/100 mL 


6.8 


498 


Calcium carbonate 


IS mg/100 mL 


6.1-7.1 


100 


Magnesium oxide 


0.62 mgaOO mL 


9^10.5 


40 


Sodium gluconate 


60 g/100 mL 


6-^ 


218 


Sodium lactate 


40 g/lOO mL 


7 


112 


Sodium aceute 


119 g/lOO mL 


8.9 


82 


D^Mtassium pfao^hate 


150 g/lOO mL 


9.3 


174 


Tetrapotassium pyrophosphate 


185 g/lOO mL 


10,4 


330 


Potassium bicarbonate 


36 g/lOO mL 


8.2 


100 


Calcium lactate 


6 g/lOO mL 


7 


218 


Caldtim glycerophosphate 


6 g/lOO mL 


7 


210 


Calcium gluconate 


3 g/lOO mL 


7.4 


430 


Magnesium lactate 


10 g/lOO mL 


5J-7.5 


269 


Magnesium gluconate 


16 g/100 mL 


7.3 


414 



^lubDity is altered by temperature 

§pH is altered by concentration and temperature 

Note: hydrated and anh^rous forms are acceptable provided they meet 

the criteria of a Primary Essential Buffer. 



TABLE 9 



Examples of Secondary Essential Buffers 
These buffers are too caustic to be used alone but are suitable 
for addition in low quantities to the Primary Essential Buffers 



Essential Buffer 


Solubility^ 


pH§ 


MW 


Sodium carbonate 


45.5 g/100 mL 


10.6-11.4 


106 


Potassium carbonate 




11.5 


138 


Sodium phosphate (tribasic) 


8 g/100 mL 


10.7-12.1 


163 


Calcium hydroxide 


185 mg/100 mL 


12 


74 


Sodium hydroxide 




11.4-13.2 


40 



One Letter 
Symbol 


Three 
Letter 
Symbol 


Amino Acid 


MW 


PH 


Solubility 
(g/100 g 
H20 at 

25'' C. 


A 


Ala 


Alanine 


89 


6 


36.65 


C 


Cys 


Cysteine 


121 


5.02 


Very 


D 


Asp 


Aspartic Acid 


133 


2.77 


0,778 



15 



20 



Symbol 


Symbol 


Amino Acid 


MW 


pH 


2r C 


E 


Glu 


Glutamic Add 


147 


3:22 


0.864 


F 


Pbc 


Phenylalanine 


165 


5.48 


^965 


G 


Gly 


Glycine 


75 


5.97 


24.99 


H 


His 


Histidine 


155 


7.47 


4.19 


I 


He 


Isoleucinc 


133 


5.94 


4.117 


K 


Lys 


Lysine 


146 


9.59 


Vcty 


L 


Leu 


Leudue 


131 


5.98 


2.426 


M 


Met 


Methionine 


149 


5.74 


3381 


N 


Aso 


AfipaiBgine 


132 


5.41 


3.53 


P 


Pro 


Proline 


115 


630 


1623 


0 


GlD 


Ghitamine 


146 


5.65 


2S 


R 


Arg 


Aiginine 


174 


11.15 


15 


S 


Ser 


Serine 


105 


5.68 


5.023 


T 


Thr 


Threonine 


119 


5.64 


^fcry 


V 


Vhl 


Viiline 


117 


5.96 


8.85 


W 


Trp 


Tryptophan 


204 


5.89 


1.136 


Y 


lyr 


Tyrosine 


181 


5.66 


0.0453 



^lubility is altered by temperature 

§pH is altered by concentration and temperature 

Note: hydrated and anhydrous forms are acceptable provided they meet 

the criteria of a Secondary Essential Buffer. 

Amino acids can also be employed as Primary or Sec- 
ondary Essential Buffers, the doses of which may be calcu- 
lated according to the following information. 

TABLE 10 
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60 
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References: 

IUB\C'IUB Commission on Biochemical Nomenclature 
(CBN)^ Rules for Naming Synthetic Modifications of Natural 
Peptides, (1966); Arch. Biochem. Biophys. 121: 6-8 (196*^; 
Biocbem. J. 104: 17-19 (1967), corrected 135: 9 (1973); 
Biochemistry 6: 362-364 (1967); Biochim. Biopbys. Acta 
133: 1-5 (1967); Bull. Soc. Chim. Biol. 49: 325-330 (1967) 
(in French); Eur. J. Biochem. 1: 379-381 (1967), corrected 
45: 3 (1974); Hoppe-Seyler's,Z., Physiol. Chem. 348: 
262-265 (1967) (in German); J. Biol. Chem. 242 555-557 
(1967); Mol. BioL 2: 466-469 (1968) (in Russian); Pure 
Appl. Chem. 31: 647-653 (1972); JUR\C Commission on 
Nomenclature of Organic Chemistry (CNOQ, Nomencla- 
ture of Organic Chemistry y Stereocbem. Rec. E: (1974), 
Pure Appl. Chem. 45: 11-30 (1976). See also Biochemical 
Nomenclature and Related Documents, Portland Press. 2: 
1-18 (1992). 
C. The Essential pH (pH^) 

Substituted benzimida2X}le PPls are labDe imder acidic 
conditions. Orally administered PPls must be protected from 
the strongly acidic conditions of the stomacb, whether acidic 
from gastric acids or acids introduced through tube feeds or 
other sources. In general, the higher the pH of the gastric 
environment, the greater the stability of the PPI, and thus the 
more time it has to undergo absoiption into the blood and 
reach and act upon the proton pumps of the gastric parietal 
cells. 

As mentioned, the "Essential pH" is the lowest pH of the 
environment of interest needed to minimize or eliminate the 
acid-induced degradation of the PPI during the dwell time in 
the environment. It is generally expressed herein as pH 
range. Such pH is the pH of the environment in which the 
PPI/buffer formulation resides. For example, the environ- 
ment may be a storage container or the stomach. The 
environment presents a set of conditions to the PPI/buffer, 
such as temperature, pH, and the presence or absence of 
water. The dwell time is the time that the PPI dwells in a 
specific environment, i.e., the Gl tract prior to its passage 
into a different environment, i.e. the bloodstream. The 
shelf -life is another example of a dweU time, in which case, 
the specific environment may be a container of dry, pow- 
dered formulation. As used herein, ''Resultant pH'* is the pH 
that is the result of adding a PPI/buffer formulation to an 
environment of interest. "Formulation pH" is the pH of the 
PPI/buffer formulation when it is in liquid form. 

A PPI dose within its calculated pH^^ range is designed to 
ensure sufficient PPI protection from acid degradation such 
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that delivery to aod action upOD protoipRips occur. Id one 
desirable embodiment, ihc pH^ is the sum of the pKa of a 
given PPI plus about 0.7. The pKa is defined as the pH at 
which 50% of a chemical is in the ionized form. When the 
pH of the environment equals the pKa of the PPI, then 50% 
ionization (degradation) of the PPI occurs. However, by 
adding the factor of 0.7, this ionization is reduced to 90%. 

The Stability Range Factor ("SRFO is the range of pH 
elevation in which the lower limit is the sum of the pKa of 
a given PPI+0.7 log, and the upper limit is the pH at which 
elimination of acid degradation occurs without producing 
tissue irritation from extreme alkalinity. SRF is calculated 
based on the desirable shelf-life (or a dwell time), the 
environmental pH and the amount of acid expected to be 
encountered, along with a knowledge of the time of expo- 
stu-e expected after the drug is administered and before the 
drug reaches the blood (i.e., the dwell time). 

The upper limit of the SRF is a function of the tolerability 
of the gastrointestinal mucosa to alkaline substances, which 
is determined by the Formulation pH and the concentration 
of alkaline material presented. For practical purposes, 
pH-10.9 delineates an upper limit of the SRF. It is acknowl- 
edged that the amount of buffer is an important aspect of the 
tissue destructive potential of an alkaline substance. 
Therefore, the SRF for any given PPI begins at the sum of 
the pKa of the PPI-i-0.7, and extends upwards to a pH of 
about 10.9. 

The Essential pH used with the SRF establishes a desir- 
able range for the stability to the actions of H-f ion (or other 
acidic component) on the PPI/buffer formulation. Suf5cient 
buffering capacity maintains an Essential pH as described 
below as "Essential Buffering Capacity." 

Examples of pH^^ calculations with SRF for specific PPls 
are as foUows: 

pH^: of PPI-pKa of PPI+0.7. 

SRF-the range: pH^. to 10.9. 

SRF for omeprazole-i(pKa omeprazole 40.7) to 10.9" 
(3.9+0.7)-4.6 to 10.9. 

SRF for lansoprazole-(pKa lansoprazole+0.7) to 10.9- 
(4.1+0.7)-4.8 to 10.9. 

SRF for rabeprazole-(pKa rabeprazole+0.7) to 10.9- 
(4.9+0.7)-5.6 to 10.9. 

SRF for pantoprazole-(pKa pantoprazole-t-0.7) to 10.9- 
(3+0.7)-3.7 to 10.9. 

In most instances, the lower end of each of the above 
ranges is increased by one pH unit to minimize, by a factor 
of 10, any local effects within the stomach that may produce 
areas of lower pH that might cause PPI degradation. A value 
of +1 log value is also supported by the observation that 
weak bases operate most efficiently at neutralizing acid 
beginning at +1 log value above the pKa. 

For example, one would expect to encounter about 
100-150 ml of 0.11 to 0.16N HQ in the adult fasting 
stomach, which is equivalent to about 12-24 mEq of HG. 
Therefore, an equal amount of base will neutralize this acid. 
If about 12-24 m£q of sodium bicarbonate is employed as 
the buffer, the resulting pH will be left at the pKa of the 
conjugate acid of sodium bicarbonate (carbonic acid), which 
is about 6.14 or greater. This is greater than the lower limit 
of the pH^ for omeprazole of 4.6. Thus, administering 12-24 60 
m£q of sodium bicarbonate with omeprazole protects 
greater than 95% of the drug when encountering 12-24 mEq 
of HCl. Because sodium bicarbonate complexes with HCl at 
a rate that exceeds the rate of interaction of omeprazole, it 
is considered a suitable buffer. 

It should be noted that depending on age and disease, the 
amount of acid to be encountered can be significantly more 



10 



20 



25 



30 



35 



40 



45 



50 



55 



or less than the 12-24 tiH^ange, but is generally from 
about 4 m£q to about 30 m£q. 

Using magnesium oxide or magnesiimi hydroxide in an 
amount of 12 to 24.m£q also provides sufficient neutralizing 
capacity leaving the pH at approximately 7 (lowered only 
slightly by the minimal hydrolysis of magnesium). 
However, magnesium hydroxide is not rapid in onset and 
care should be taken to ensure that early degradation of the 
PPI does not occur. Early degradation can be avoided by 
making a tablet comprising two layers: an inner layer of PPI 
and sodium bicarbonate, and an outer layer of magnesium 
hydroxide dried gel or magnesium oxide with suitable 
disintegrant such that the magnesiiun oxide would rapidly 
disintegrate in the stomach. Alternatively, the inner layer can 
contain the magnesium buffer and the outer layer has the PPI 
and sodium bicarbonate. 

Additionally, micronization of the slower acting buffer 
can be used to enhance its ability to combine with acid. 
Calcium carbonate (and many other calcium buffers) is a 
similar slower acting (compared to sodium bicarbonate) but 
potent buffer. Therefore, if used, it would be best suited in 
an outer layer of a tablet formulation with the inner layer 
comprising a rapid acting buffer with PPI (or vice versa). 
Alternatively, mixtures of the buffers can be employed for 
the outer layer. If developing a liquid formulation or a 
powder for reconstitution, a mixture of a rapid acting buffer 
and slower acting buffer can be used (e.g., soditmi bicar- 
bonate and magnesium oxide, respectively). 

Modifications to the formulations may entail adjusting the 
pH of products with basic or acidic chemicals, including but 
not limited to, chemicals described throughout this applica- 
tion. Modifications of buffer pH based on the pH^ may or 
may not be performed in specific instances, depending upon 
species, age, disease and other variations between patients. 
D. pKa and Solubility of PPIs 

As mentioned above, the pKa of a given PPI indicates 
inherent stability with respect to acid degradation; the lower 
the pKa, the more stable the PPI. The solubility of the PPI 
will also dictate the rate at which the PPI complexes with, 
and is degraded by, acid. These two pbysicochemical char- 
acteristics (pKa and solubility) of the PPI interact with the 
pbysicochemical characteristics of the buffer(s) (pH, buff- 
ering capacity and rate of buffering action) in the presence 
of acid in the environment to determine the degradation of 
the PPI over time. The less soluble a PPI is in water, the 
lower the initial degradation when placed in an acidic 
environment. The following Table 11 elaborates on the time 
for 50% of drug to be degraded (t V^), pKa and solubility in 
water of several PPIs. 



TABLE 11 




Pantoprazole 






Rabeprazolc 


PH 


sodium 


Omeprazole 


Lansopnzole 


sodium 


1.2 


4.6 mio 


2.8 mis 


2.0 min 


1.3 min 


5 


X8 hi 


1.0 hr 


1.1 hr 




5.1 


4.7 hx 


1.4 hr 


1.5 hr 


7.2 minutes 


6 


21 hr 


7.3 hr 


6.4 hr 




7 


73 hr 


39 hr 


35 hr 




PKa 


3 


3.9 


4.1 


4,9 


Solubility 


very soluble 


slightly soluble 


very slightly 


Vtry soluble 








soluble 
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Kromer W, ct al. Differences in pH-Ctependent Activation Rates of Substi- 
tuted Benzimidazoles and Biological in vitro Correlates, PHARMACOl^ 
OGY 1998; 56:57-70. 

Although pantoprazole sodium, with a pKa of 3, is 
inherently more stable in an acidic environment than other 
PPIs, it is also very soluble in water and thus could undergo 
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50% dcgradatioD in an acidic siomacRvilh a pH of 1.2 in aim to create an cnvironmcn^f stability for the PPI during 

less than 5 minutes. Therefore, it is imporlanl for the the dwell time. 

buffer(s) used with pantoprazole sodium to interact with H+ The dosage form may affect the suitability of a buffer for 

ion (or other acidic substances) more rapidly than the use in a formulation. For example, magnesium oxide is a 
pantoprazole sodium interacts with such adds and maintain s buffer with high buffering capacity but slow onset when 

the rapid complexation through the dwell time; otherwise, formulated as a tablet. However, when formulated as a 

additional dosing of buffer may be required. The overall pH powder, or a tablet of low compression, or with tablet 

of the gastric contents should be kept at least at the pKa+0.7 disinlegrants such as pregelatinized starch, it disintegrates 

(i.e., 3.7) from the time the PPI in solution comes into rapidly 

contact with the gastric acid continuing throughout the dweU :o Omeprazole base is only slightly soluble in water and, as 

time. Essential Buffers for liquid formulations of pantopra- such, less of the drug is subject to early and continued 

zole sodium include those buffers whose conjugate acids degradation. The soluble portion of omeprazole is vulner- 

possess a pKa>3.7 and which are very soluble (e g., potas- f^3' Til 1° ff^^*^ environment. Disso- 

sium bicartxjnate and sodium bicarbonate) Oral ^ lid for- ""^^^^ ''T'^f^ ^^u^^^" ^ ".T"^^ ^ 
muiauons likewise wouja require Duiteis wlio_se conjugate is secretions. This dissolution time provides some protection 

acid possesses a pKa>3.7 and rapid complexation potential. ^^^^^ early degradation provided that relatively low vol- 

Most magnesium, caJaum and alummum salts arc not umes of water are used during delivery or in the product 

suitable unless the pantoprazole sodium is placed (with or formulation. After several minutes in the gastric 

without additional buffer) m an inner portion of a tablet or environment, upon complete dissolution, omeprazole could 
capsule with such aiitacids, and surrounded by a rapid acting 20 undergo 50% degradation in less than 3 minutes. Omcpra- 

buffer with a rapid disintegrant. Another formulation method zole is moderately stable owing to its pKa of 3.9. A suitable 

for pantoprazole is to dcacase its solubility such as by buffcr(s) for omeprazole is rapid acting and possesses at 

selecting a less soluble salt form or the non-salt form, least moderate neutralizing capacity to enable omeprazole to 

pantoprazole. survive through the dwell time. 

Rabeprazole sodium is also very soluble in water and 25 As used herein, "rapid acting" in the context of a buffer 

could undergo 50% degradation in an acidic stomach with a means a buffer that raises the pH of the environment to 

pH of 1.2 in less than 13 minutes. It is not very stable to acid greater than or equal to the pH^^ of a particular PPI in a time 

degradation due to its higher pKa of 4.9. A suitable buffer(s) sufBcient to prevent significant degradation of the PPI. In 

for rabeprazole sodium interacts with H+ ion (or other acidic one embodiment, the rapid acting buffer raises the pH to at 
substances) more rapidly than the rabeprazole sodium inter- 30 least the pKa of the PPI plus 0.7 log value within 10 minutes, 

acts with such acids to prevent eariy degradation, and should Preferred buffer(s) produce an environment where the 

possess high neutralizing capacity to enable rabeprazole to Resultant pH of the environment is equal to or greater than 

survive through the dwell time. Sodium or potassium bicar- the Essential pH such that: (1) the onset of pH change to 

bonate would be good choices in this instance. equal to or greater than the pH£:+0.7 begins before the 

Another option for rabeprazole sodium (as well as any 35 acid-induced degradation of the PPI occurs, and (2) the 

sodium salt of a proton pump inhibitor, which would tend to Resultant pH at or greater than the pH£:40.7 lasts throughout 

be more soluble ihan the base form) is to reduce the the dwell time, which is typically a minimum of 30 minutes 

solubility of rabeprazole sodium when in aqueous form such in the case of gastric emptying for an adult. It is desirable 

as using a less soluble salt form or using the non-salt form. that the buffer be rapid acting to minimize early acid- 

This decreases early degradation because the rabeprazole 40 induced degradation. The most rapid acting buffers are waUr 

must first undergo dissolution in water before it is degraded soluble (or soluble in the environment). High sohibility, 

by add. In this embodiment, the suitable buffer(s) for however, is not an absolute necessity as magnesium oxide' 

rabeprazole sodium should possess high neutralizing capac- and calcium carbonate, both only slightly soluble, are 

ity to enable rabeprazole to survive through the dwell time. capable of significant complexation with gastric add albeit 

For PPIs that possess high pKa's, such as rabeprazole 45 at a slower rate. If a dry formulation is used, such as a tablet, 
sodium, a two-part liquid formulation can be utilized. The the particle size of the buffer(s) can be reduced to enhance 
liquid part has the PPI and a high pH, but a low mEq the dissolution rate while the particle size of the PPI can be 
buffering capacity. The liquid part is added to a second part increased. Disintegranls can be added to enhance the avail- 
that possesses a lower pH but a higher mEq buffering ability of poorly soluble buffers. 

capadty. When these two parts are added together just prior 50 Lansoprazole base is very slightly soluble in water and, as 
to administration, a formulation with a lower pH and a such, less of the drug is subject to eariy degradation. The 
higher buffering capadty is produced which will neutralize soluble portion is vuhierable to early degradation. Dissolu- 
stomach add but not be too caustic to tissues. Examples of tion of the remaining insoluble portion is expected to occur 
such formulations are provided below, within several minutes of encountering the water of the 
For highly soluble PPIs, the formulation may be produced 55 gastric secretions. This dissolution time provides some pro- 
in a solid dosage form such as a tablet, capsule or powder tection against eariy degradation provided that relatively low 
with a buffer(s), which disintegrate and reach solution at a volumes of water are used for delivery or in the product 
rate that exceeds the PPI and thereby provides the Essential formulation. After several minutes, upon complete 
pH for protection of the PPI prior to its dissolution and dissolution, lansoprazole could undergo 50% degradation in 
interaction with the acid in the environment. Further, the 60 2 minutes. Lansoprazole is moderately stable owing to its 
tablet or capsule may be formulated to possess an outer pKa of 4.1. A suitable buffer(s) for lansoprazole should be 
portion of buffer and an inner portion comprising PPI, or a rapid acting, and should possess moderate to high neutral- 
blend of PPI and buffer. Additional methods include formu- izing capadty to enable lansoprazole to survive through the 
laling the buffer in a smaller particle size (e.g., micronized) dwell lime. The pH of the gastric contents (or other 
and the PPI in a larger particle size. This results in the 65 environment) should be kept at greater than about 4.8 from 
disintegration of the buffer component prior to disintegration the time the PPI in solution comes into contact with the 
of the PPI component. All of these methods of formulation gastric add continuing throughout the dwell time. 
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E. Calculating the Acid Neutralizln^apaciiy of Buffers the pH data versus time can^plotted as seen in FIG. 9. The 
The acid neutralizing edacity (" ANC) of soluble buffers graph of pH over time can then be used to evaluate various 
may be used to assist in selecting a preferred amount of buffers 

buffei(s) needed toproyide the EBC.TheANCusesboth the ^ g^aph can be developed for a potential buffer or 

formula weight (FWt.) and the valence to determme buff. 5 buffer combination using the Rossetl-Rice test (Rosset N E, 
enng capacity. , , . ^ u - ^ U^^non U An In Vuw Evaluation Of The Efficacy Of The 

An example ofanANCcalculaUon for sodium bicarbon- More Frequently UsedAmacids With Particular Aaention 
ate IS as , , 7b Tablets, Antacids 26: 490-95 (1954), modified with 

Sodium Bicarbonate, f^.^HCO,; FWt.-84, valence-1. continual addition of simulated gastric fl See USPXXIIl. 
The conversion equation from equivalent weight to ^^^^ States Pharmacopeia^ 23"' Revision, United 

grams is. ,^^^^„^^, States Pharmacopeia Convention, Inc. Briefly, the test 

(Equivalent Wei^t ( «EW")Xl/1000 mmol)(l mmoVl employs 150 mL of simulated gastric fluid consisting of 2 
mEq)-grams of NaCHOa of sodiMm chloride and 3.2 Gm of pepsin, which are 

EW-(FWt.)/(valence)-84/l-84 g/mol. dissolved in 7 mL of IN HQ, q.s. to 1000 mL with distilled 

(84 g/molXl mol/1000 mmoiyi mmoI/1 mEq)(4 mEq)- 15 water. The pH of the simulated gasuic fluid is 1.2. A 
034 g NaHCOj needed for 4 mEq of buffering capac- container of 150 mL of this fluid is stirred at 300 rpm±30 
ity- rpm with a magnetic stirrer and kept at 37.1* C. A pH 

Accordingly, for 10 mEq, one needs 0.840 g NaHCOa, electrode is kept in the upper region of the solution. The test 
and for 30 mEq, 2.52 gm is required. The range of 4-30 m buffer or the subject formulation is added to the container to 
Eq is used because that is the range of mEq of acid to be 20 start the evaluation. At 10 minutes, a continuous drip of 
encountered in most patients. simulated gastric fluid is added to the test container at a rate 

The ANCs of other buffers are similarly calculated. ANC of 1.6 ml/min to simulate gastric secretion, ^proximately 
determinations are from Drake and UoW&ndtT, Neutralizing 1.6 mUmin is removed from the test container to keep the 
Capacity And Cost Effectiveness OfAmacids, Ann Intern. volume in the test container constant. The evaluation con- 
Med. 109:215-17 (1981). Generally, the formulations of the 25 tinucs for at least 90 minutes. 

present invention need about 4 to about 30 mEq of buffering This methodology aUows for a dynamic evaluation of 
capacity although higher amounts could be used in some buffering capacity in a model designed to mimic a fasting 
patients. human stomach. It has been described in part for use in 

Sodium bicarbonate in solution possesses a pH>pH£ of evaluating antacids by Beneyto J E, et. aL, Evaluation of a 
omeprazole and rapidly ncuu-alizes acidic environments. As 30 NewAruacid,Almagate,ArzncuD-FoTSch/DTUg Res 1984; 34 
stated above, rapid complexation with HQ is a desirable (lOA): 1350-4; Kcrkhof N J, et al, pHStat Tiration of 
characteristic of an Essential Buffer. Ideally, but not neces- Ahiminum Hydroxide Gel,} . Pharm. Sci. 1977; 66: 1528-32. 
sarily required as indicated in formulations that contain a Using this method, a pH tracing can be developed for 
tablet in a tablet, the Essential Buffer complexes with the evaluating buffers as well as finished products. In addition, 
acid al a faster rate than the PPI it is intended to protect. 35 a sample of the test solution can be taken during the 

In selecting Essential Buffers, a knowledge of buffering experiment to evaluate the extent of PPI degradation at 
capacity is also useful since they possess differing pHs at various times. Tliose buffers with a suitable profile as 
various concentrations. The magnitude of the resistance of a exemplified in FIG. 9 able to maintain pH greater than or 
buffer to pH changes is referred to as buffer capacity (Beta). equal to PH^ for 30 minutes or greater, can be considered 
It has been defined by Koppel, Spiro and Van Slyke as the 40 suitable Essential Buffers. In one embodiment, as depicted 
ratio of the increment of strong acid (or base) to the change in FIG. 9, the pH was recorded over 10 second intervals, 
in pH brought about by addition oif acid. The following A number of buffers may be applicable for use as Essen- 
formula is used to measure buffer capacity: Buffer capacity- tial Buffers. Therefore, once an Essential Buffer is chosen, 
the increment (in gram equivalents per liter) of strong acid the amount necessary to provide the EBC is calculated. As 
added to the buffer solution to produce a pH change (change 45 used herein, the EBC is the buffering capacity, or amount of 
as measured in absolute terms), or buffer capacity-change in alkaline buffer, included in the dose and calculated to 
acid/change in pH. Improvements in the formula have been maintain the Essential pH range and thereby protect any 
made to improve the precision, and these form the basis for substituted bcnzimidazolc PPI in the gastric (or other) 
mathematical comparison of btiffers for consideration. See environment. In patients requiring continuing PPI adminis- 
Koppel, BioChem, Z. (65) 409-439 (1914), Van Slyke, J. 50 iration (e.g. daily), more buffering capacity may be neces- 
Biol. Chem. 52:525 (1922). sary with the first dose or first few doses than with subse- 

When the PPl/buffer formulation is placed in the quent doses because the PPI may encounter more acid with 
environment, the PPI is subject to degradation by the acid in the initial doses. Subsequent doses wiD require less buffering 
that environment. As depicted in FIG. 9, PPI solubility, the capacity because the initial PPI doses will have reduced 
pKa of the PPI, and the amount and concentration of add 55 gastric acid production. The EBC could therefore be reduced 
(H+ ion) encountered in the environment arc variables that in subsequent doses. The product's buffering capacity may 
can be used to determine the appropriate candidate as an be formulated as desired, for instance with respect to patient 
Essential Buffer. Early degradation ocaos when the soluble age, gender or species. 

portion of the PPI (that portion available for immediate Experimental data from adult human subjects showed an 
interaction with H+ ion) undergoes hydrolysis by H+ ion. 60 effective EBC range of a first dose of omeprazole to be about 
PPIs differ in their solubDity and, therefore, those that are 4 to about 20 mEq ("EBC-0 range") of sodium bicarbonate, 
more soluble have a potential for a higher portion of PPI with a range of about 12 to about 25 mEq suitable in most 
degraded by early interaction with H+ ion. The pKa of the instances. Subsequent doses of omeprazole require less 
PPI and the pH of the environment of the stomach (or other EBC, with a range of about 4 to 15 mEq sodium bicarbonate, 
site of interest) after addition of the PPI/buffer formulation 65 In one embodiment, this latter EBC range proved optimal for 
(Resultant pH) can be used to determine the desirable an omeprazole suspension administered to patients with 
Essential Buffer. By measuring the Resultant pH over time, varying degrees of gastrointestinal transit and acid output. 



55 



US 6,645,988 B2 



based on a knowledge of basal and ma^Rmal acid outputs of 
2 and 25 mEq/hour, respectively. These studies have been 
reported in Phillips J. 0. et al.. Crit. Care Med. 1996; Lasky 
et al., J. Trauma 1998. 

Based on the EBC-0 range, the above ANC calculation 5 
can be employed. Additionally, it is expected to encounter 
about 100-150 mL of 0.1 N HQ (equating to about 12-24 
m£q of acid) in a fasting stomach. Variations in the acid 
encountered in the environment will affect the Essential 
Buffering Capacity required. The above £BC ranges relate 
to adult patients. Children, however, produce less acid per 
unit time in comparison to adults. Therefore, depending on 
the patient population, the amount of Essential Buffering 
Capacity required may be altered. 

Numerous references are available to assist the skilled 
artisan in identifying a suitable buffer companion with a PPI 
to determine the desirable characteristics stated herein. See, 
e.g., Holbert, et. al.,i4 Study of Antacid Buffers: L The Time 
Faaor in Neutralization of Gastric Acidity , J. Amer. Pharm. 
Assn. 36: 149-51 (1947); Lin, et. al,. Evaluation of Buffering 
Capacixy and A cid Neutralizing pH Time Profile of A ntacids, 20 
J. Formosa Med. Assn. 97 (10) 704-710 (1998); Physical 
Pharmacy, pp 169-189; Remington: The Science and Prac- 
tice of Pharmacy (2000). 

F. The Desirable \blume 

The Desirable \folume ("DV") of a PPI dose may affect 25 
PPI delivery to and action upon parietal cell proton pumps. 
The DV of a dose is partly based on the EBC. For liquid 
formulations, a desirable volume should deliver sufBcient 
buffer to act as an antacid to neutralize a substantial amount 
of gastric or other acids. For solid formulations such as 30 
tablets, a nominal amount of water or other fluid wiD be 
consumed to aid in swallowing the tablet. Liquid prepara- 
tions of the present invention use volumes as small as about 
2 ml or in excess of about 60 ml. Volumes smaller than 2 ml 
and larger than 60 ml are contemplated, and may be used as 35 
desired to suit individual patients, such as those of advanced 
or very yoimg age or of different species. Very large volumes 
may lead to higher amounts of less soluble PPIs (e.g., 
omeprazole, lansoprazole base forms) going into solution, 
which could resuh in vulnerability to early degradation. 40 

For instance, volumes smaller than about 2 ml may be 
used in newborns or premature infants, or in small animals, 
because of their smaller stomach size. Also, a large DV may 
be required for doses formulated with dilute buffer 
concentrations, to achieve the EBC. The relationship 45 
between the EBC and DV is in part shown below: 

If EBC(mg buffer)-Buffer conc.(mg/ml)xDV(ml), 

then DV(ml)-EBC(mg)/Buffer conc.(mg/ml). 

Alternatively, mEq can be substituted for mg in the 
formula. 50 

G. Secondary Components of the Formulations 
Secondary components are not required but may be used 

to enhance the pharmacological action or as pharmaceutical 
aids. Secondary components may include, but are not lim- 
ited to, parietal ceU activators and other ingredients. Parietal 55 
cell activators, as discussed above, are compounds that 
produce an increase in proton pump activity such that proton 
pumps are relocated from storage sites of the parietal cell, 
i.e. tubulovesiclcs, to the site of H+, K+ exchange at the 
secretory canaliculus. A parietal cell activator may also serve 60 
other functions. For example, sodium bicarbonate is an 
Essential Buffer as well as a parietal cell activator, chocolate 
is a parietal cell activator and a flavoring agent, and 
aspartame, which contains phenylalanine, is a sweetener as 
well as a parietal cell activator. 65 

Parietal cell activators can be divided into four groups: 1) 
rapid acting buffers that are weak bases, strong bases or 




combinations thereof that alsoproduce a rapid onset of effect 
(the pH drops rather suddenly after the biiffer is exhausted; 
these buffers typically cause the pH of the stomach to rise to 
above 5); 2) amino acids, protein hydrolysates and proteins; 
3) calcium containing compounds such as calcium chloride 
or calcium carbonate; and 4) compositions such as coffee, 
cocoa, caffeine and peppermint. 

The other ingredients comprise components of a formu- 
lation that are secondary to the primary components. Other 
ingredients include, but are not limited to, thickening agents, 
flavoring agents, sweeteners, antifoaming agents (such as 
simethicone), preservatives, antibacterial or antimicrobials 
agents (such as cefazolin, amoxicillin, sulfamethoxazole, 
sulfisoxazole, erythromycin and other macrolides such as 
clarithromycin or azithromycin), and Secondary Essential 
Buffers. 

Desirable flavoring agents may be added to the dosage 
forms, and may or may not need to be buffered to the pH^ . 
Flavoring agents with pH values inherently suitable to the 
range of pH^ values of PPIs include, but are not limited to, 
apple, caramel, meat, chocolate, root beer, maple, cherry, 
coffee, mint, licorice, nut, butter, butterscotch, and peanut 
butter flavorings, used alone or in any combination. 
Similarly, all substances included in the formulation of any 
PPI product, including but not limited to, activators, anti- 
foaming agents, potentiators, antioxidants, antimicrobial 
agents, chelators, sweeteners, thickeners, preservatives, or 
other additives or substances may be buffered to the pH^ . 

H. Examples Utilizing the Calculations 

The pH^, the EBC, and the DV of a PPI dose may affect 
PPI delivery to, and action upon, parietal cell proton pumps. 
The following calculations tailor an Essential Buffer dose 
for any substituted benzimidazole PPI to promote PPI efiB- 
cacy in an oral administration. 

Example 1 

To deliver a 20 mg dose of omeprazole (pKa«3.9) in 
sodium bicarbonate: 

Step 1: The pH^. of omeprazole^pKa of omeprazole+0.7* 
4.6. The SRF of omeprazole-pH^ to 10.9-4.6 to 10.9. 
At a Formulation pH of 4.6 to 10.9, the conjugate base 
of sodium bicarbonate (carbonic acid) has a pKa of 
6.14. Therefore, an amount of sodium bicarbonate 
equivalent to the amount of acid to be encountered 
would produce a pH of 6.14, which is within the SRF 
of 4.6 to 10.9. Sodium bicarbonate would make a 
suitable choice as a buffer. 

Step 2: The EBC-4 to 30 mEq buffering capacity equiva- 
lent. 

Step 3: To determine the amount of sodium bicarbonate to 
administer with the omeprazole, the ANC for sodium 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84 for 4-30 mEq)-(EW)(l/1000 
mmol)(l mmol/1 mEqXEBQ 
EW-MW/(valence)«84/l-84 g/mol 
(84 g/mo])(l mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-0.34 g to 2.52 g 
Step 4: For liquid formulations, if the DV-20 ml, then 
DV-Essential Buffer (EB) (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml-17 
mg/ml to 126 mg/ml. 
Therefore, for 20 mg of omeprazole to be adequately 
buffered in 20 ml of solution, the concentration of sodium 
bicarbonate should be 17 to 126 mg/ml. 
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lb deliver a 20 mg dose of omeprazole (pKa-3.9) in 
dibasic sodium phosphate: 

Step 1: The pH^ of omeprazole -pKa of omeprazole+0.7, ^ 
The SRFof omeprazole-(3.9+0.7) to 10.9-4.6 to 10.9. 

Step 2: The EBC-4 to 30 mEq bufifering capacity equiva- 
lent. 

Step 3: To determine the amount of dibasic sodium 
phosphate to administer with the omeprazole, the ANC jq 
for ddbasic sodium phosphate is calculated. The ANC 
for dibasic sodium phosphate (MW-142)-{EWXl/ 
1000 mmolXl mmol/1 mEq)(EBC). 
EW-MW/(valence)-142y2-71 g/mol. 
(71 g/molXl mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-0.28 g to 2.13 g 
Step 4: For liquid fonnulations, if the DV-20 ml, then 
DV-EB (mg)/Buflfcr cone, (mg/ml) 
Buffer CODC.-EB/DV-280 mg to 2130 mg/20 ml-14 
mg/ml to 107 mg/ml. 
Therefore, for 20 mg of omeprazole to be adequately 
buffered in 20 ml of solution, the concentration of dibasic 
sodium phosphate should be 14 to 107 mg/ml. The pka of 
disodium phosphate is 7.21. Therefore, an amount of diso- 
di\im phosphate equivalent to the amount of add to be 
encountered would produce a pH of approximately 7.2. 
Thus, disodium phosphate would make a suitable choice as 
a buffer. 



Example 3 

To deliver a 30 mg dose of lansoprazole (pKa«4.1) in 
sodium bicarbonate: 

Step 1: The pH£: of lansoprazole-pKa of lansoprazole+ 
0.7. The SRF of lansoprazole-<4. 1+0.7) to 10.9-4.8 to 
10.9. 

Step 2: The EBC-4-30 mEq buffering capacity equiva- 
lent. 

Step 3: To determine the amount of sodium bicarbonate to 
administer with the lansoprazole, the ANC for sodium 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84)-(EWXl/1000 mmol)(l mmol/1 
mEqXEBQ 

EW-MW/valence-84/1 g/mol 

(84 g/mol)(l mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-0.34 g to 2.52 g 
Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml-17 
mg/ml to 126 mg/ml. 
Therefore, for 30 mg of lansoprazole to be adequately 
buffered in 20 ml of solution, the concentration of sodium 
bicarbonate should be about 17 to about 126 mg/ml. 

Example 4 

To deliver a 40 mg dose of pantoprazole (pKa-3) in 
sodium bicarbonate: 

Step 1: The pH£^ of pantoprazole-pKa of pantoprazole-f 

0.7. The SRF of pantoprazoIc-(3+0.7) to 10.9-3.7 to 

10.9. 

Step 2: The EBC-4-30 mEq buffering capacity equiva- 
lent. 

Step 3: To determine the amount of sodium bicarbonate to 
administer with the pantoprazole, the ANC for sodiimi 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84)-(EW)(l/1000 mmolXlmmol/1 
mEqXEBC) 

EW-MW/(valence)-84/l g/mol 
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(84 g/molXl mol/lOOJnIImolXl mmol/1 mEqX4 to 30 
mEq)-0.34 g to 2.52 g 

Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml-17 
mg/ml to 126 mg/ml. 
Therefore, for 40 mg of pantoprazole to be adequately 
buffered in 20 ml, the concenu^tion of sodium bicarix)nate 
should be about 17 to 126 mg/ml. 

Example 5 

To deliver a 20 mg dose of rabeprazole (pKa-5) in sodium 
phosphate dibasic: 

Step 1: The PH£^ of rabeprazole -pKa of rabeprazole40.7. 
The SRF of rabeprazolc-4. 9+0.7) to 10.9-5.6 to 10.9. 

Step 2: The EBC-4-30 mEq buffering capacity equiva- 
lent. 

Step 3: Therefore, to determine the amount of sodium 
phosphate dibasic to administer with the rabeprazole, 
the ANC for potassium sodium dibasic is calculated. 
The ANC for sodium phosphate dibasic (duohydrate) 
(MW-174)-(EW)(1/1000 mmol)(l mmol/1 mEq) 
(EBQ 

EW-NfW/valencc-178/1 g/mol 

(178 g/molXl mol/1000 mmolXl mmol/1 mEqX4 to 
20 mEq)«0.712 g to 534 g sodium phosphate diba- 
sic. 

Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffcr cone, (mg/ml). 
Buffer oonc.-EB/DV-0.712 g to 2 g/20 ml-35.6 mg/ml 
to 100 mg/ml. In this case, the solubility of disoditmi 
phosphate would limit the amount that could be 
dissolved in 20 mL. Obviously, this would exceed 
the solubility of disodium phosphate (sodium phos- 
phate dibasic). Therefore, for 20 mg of rabeprazole 
to be adequately buffered in 20 ml of solution, the 
concentration of sodium phosphate dibasic should be 
about 35.6 mg/ml to 100 mg/ml at a pH range of 
about 6.9 to 10.9. The pka of disodium phosphate is 
7.21. Thtis, an amount of disodium phosphate 
equivalent to the amount of acid to be encountered 
would produce a pH of approximately 7.2. 
Accordingly, disodium phosphate would make a 
suitable choice as a buffer. 
It should be noted that the suitability of buffers relates to 
their use immediately after mixing. In order to enhance the 
shelf-life, higher pH values would be anticipated within the 
range of acceptable pH^ for a given PPI. As an example, 
rabeprazole suspensions containing various buffers were 
evaluated for color change because degradation of PPIs 
results in a color change to brown or black. All buffer 
suspensions started out white in color. After 2 weeks the 
following observations were made: 
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20 mg Rabeprazole in Various Buffers Stored Under 
Refriizerated Conditions As Susoeosions 


Buffer 


Original 
Color 


Color 
14 days 


pH at 
14 days 


Sodium bicarbonate 800 mgAlO mL 


white 


brown 


83 


Disodium phosphate 800 mg/10 niL 


white 


white 


10.3 


Disodium phosphate 700 mg; 


white 


white 


103 


Trisodium phosphate 100 mg/10 mL 
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Similar calculations may be performed for any substituted 
benzimidazole PPI and appropriate buffer(s) including, but 
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not limited to, those exemplified above^ne skilled in the art 
will appreciate that the order of the above steps is not critical 
to the invention. The above calculations may be used for 
formulations comprising one or more PPl and one or more 
buffers. 

I. Veterinary Formulations 

Horses produce stomach acid continuously throughout the 
day. It is the basal acid secretion from the stomach in the 
absence of feeding that is responsible for the erosion of the 
squamous mucosa in the stomach and ulcers. Horses on 
pasture normally secrete a continuous supply of saliva, 
which buffers the stomach acid. When horses are being 
ridden regularly, traiised for shows or prepared for sales, they 
are usually kept in stalls much of the day. Under these 
conditions, the natural salivary buffering mechanism is 
disrupted and acid indigestion often results. 

Almost 40 to about 100 m£q of buffer capacity should 
provide approximately 2.5 hours of neutralization for a 
horse. The usual dose of omeprazole ranges from 0.7 to 1.5 
mg/kg/day (doses up to 4 mg/kg/day may be required) and 
a typical weight for a horse is 500 kg. Similar dosages are 
expected for rabeprazole and lansoprazole. 

Dogs can also suffer from ulcers and their dosage is 
approximately 1 mg/kg/day. The following formulations are 25 
designed for use in horses but smaller amounts can be used 
in dogs with an EBC of 10 to 20 m£q. 



Formulation 5: Veterinary Fonnulaiioo of Omeprazole 

This fonnulation is particularly well suited for animals 
rather than humans because the dose of PPI is high. 
EBC - 75 mEq 

Essential pH (omeprazole pKa -3.9 + 0.7 ^ 4.5) 
PPI: Omeprazole powder 
Primary Essential BufFer(s): 



500 mg (a range of 350 to 700 mg) 



Sodium bicarbonate 
Dibasic sodium phosphate 
(anhydrous) 
Optional Secondary 
Essential Buflfer(s): 

Tribasic sodium phosphate 



5 g (59.5 mEq) 
2 g (34 mEq) 



200 mg. (1^ mEq) 



(* Any Secondary Essential Bu£rcr(s) may be added in higher or lower 
amounts to adjust pH for desired subility and additive antacid or buffering 
effect.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as guar gum 350 mg, artificial 
maple flavor powder 100 mg, thaumatin powder 10 mg (to 
mask the bitterness of omeprazole), and sucrose 25 Gm. Q.s. 
to 100 mLwith distilled water to achieve a final omeprazole 
concentration of 5 mg/mL. Different volumes of water may 
be added to achieve omeprazole concentrations ranging 
from about 0.8 to about 20 mg/mL. 

Alternatively, this formulation may be divided into two 
parts. The dry part may be reconstituted with the liquid part 
at the time of use. 



Fonnulation 6: Veterinary Formulation of Lansoprazole 




-continued 



Formulation 6: Veterinary Formulation of Lansoprazole 



Primary EsscntiaJ Buffers) : 
Sodium bicaibonatc 



6 g (71.4 mEq) 



10 



15 



20 



(* Any Secondary Essential Buffei<s) nay be added in higher or lower 
amounts to adjust pH for desired subility and additive antadd or buffering 
effect) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as xanthan gum 300 mg, 
artificial peanut butter flavor powder 100 mg, and sucrose 35 
Gm. Q.s. to 100 mL with distilled water to achieve a final 
lansoprazole concentration of 15 mg/mL. The suspension 
should be refrigerated after reoonstitution. Different vol- 
umes of water may be added to achieve lansoprazole con- 
centrations ranging from 0.8 to 20 mg/mL 

Alternatively, this formulation may divided into two parts. 
The dry part may be reconstituted with the liquid part at the 
time of use. 



Fcrmtilation 7: >^terinary Fonnulation of Lansoprazole 

Essential pH (lansoprazole pKa - 4.1 <>• 0.7 ^ 4.8) 

EBG - 63 J mEq 

PPI: 



30 



Lansoprazole powder 
Primary Essential Buffer(s) 

Sodium bicaibonate 
Secondary Essential Buffci(s): 

35 Sodium carbonate 



750 mg 



5 g (59 J mEq) 



400 mg* (3.8 mEq) 



('Any Secondary Essential Buffei(8) may be added to adjust pH for 
desired stability and additive antacid or buffering effect) 

Powders of the above compounds are combined as is 
40 known in the art to create a homogenous mixture with the 
addition of a thickener such as bydroxypropyl methyl cel- 
lulose 300 mg, artificial maple flavor 100 mg, and sucrose 35 
Gm. Q.s. to 100 mL with distiDed water to achieve a final 
lansoprazole concentration of 7.5 mg/mL. Different volumes 
45 of water may be added to achieve lansoprazole concentra- 
tions ranging firom 0.3 to 20 mg/mL. 

Alternatively, this formulation may divided into two parts. 
The dry part may be reconstimted with the liquid part at the 
time of use. 

50 



Formulation S: Veterinary Fonnulation of Esomeprazole Magnesium 

Essential pH (esomeprazole pKa - 3.9 -»■ 0.7 ^ 4.6) 
55 EBC -53.2 mEq 
PPI: 



Esomeprazole magnesium powder 
Primary Essential Buffei(s): 

Sodium bicaifoonate 
Dibasic sodium phosphate 



500 mg 



5 g (47,6 mEq) 
800 mg (5.6 mEq) 



Essential pH (lansoprazole pKa • 

EBC - 73.4 mEq 

PPI: Lansoprazole powder 



4.1 + 0.7 a 4.8) 
750 mg 
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('Any Secondary Essential BuffeT(s) may be added in higher or lower 
amounts to adjust pH for desired stability and additive antadd or buCfering 
capacity.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as bydroxypropyl cellulose 300 
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mg, artificial butterscotch flavor 100 oipfBaucDatio powder 
5 mg, and sucrose 30 Gm, Q^, to 100 mL wilb distilled 
water to achieve a final esomeprazolc concentration of 7.5 
mg/mL. Different volumes of water may be added to achieve 
esomeprazole concentrations ranging from 0.8 to 20 mg/mL. 



FonnuUtioD 9: Vfeterinaiy Fonnuiaiioo of Pantoprazole Sodium or 
Pantoprazole Base Powder 



Essentia] pH (pantoprazole sodium pKa < 
EBC . 53.8 mEq 

Pantoprazole sodium or pantoprazole 
powder 

Primary Essential Bufferfs): 

Sodium bicarbonate 
Secondary Essential Buffer(s): 

Trisodium phosphate 



3 + 0.7 & 3.7) 
1000 mg 



10 



thickeners, preservatives, ISnfavoring agents may also be 
added. Sweeteners include but are not limited to com syrup, 
simple syrup, sugar, tbaumatin, and aspartame. Thickeners 
include but are not limited to metbylceUulose, xanthan guiQ, 
carrageenan, and guar gum. Preservatives may be added to 
retard spoilage and include but are not limited to sodium 
benzoate, methylparaben and propylparaben. Flavoring 
agents in these formulations include but are not limited to 
apple, caramel, maple, peanut butter, meat, etc. 
J. Other Formulations 

For aU formulations herein, the total amount of Essential 
Buffer may range from about 4 mEq to about 30 mEq per 
dose. 



4 g (47.6 mEq) 



1000 mg* (6.2 mEq) 



15 



("Any Secondary Essential Buffcr(s) may be added in higher or lower 
amounts to adjust pH for desired stability and additive antacid or buffering 
capacity.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as hydroxypropyl cellulose 300 
mg, artificial butterscotch flavor 100 mg, thaumatin powder 
5 mg, and sucrose 30 Gm. Qjs. to 100 mL with distilled 
water to achieve a final pantoprazole concentration of 10 
mg/mL. Different volumes of water may be added to achieve 
esomeprazole concenu^tions ranging from 0.2 to 20 mg/mL. 
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FonnulatioD 11: 
Oral Buffer Complex Without PPI (for general use to protect 
add labile drugs) Multidose Composition 



25 



30 



Formulation 10: Veterinary Formulation: Buffer Base \^^thout PPI 

EBC - 71.4 mEq 
Primary Essential Buffer: 



Primary Essential Buffer 

Dibasic sodium phosphate or sodium 
bicarbonate 

Optional Secondary Essential Buffer: 

Tribasic sodium pboqibate or sodium 

carbonate 

Other ingredients: 

Sucrose 
Maltodextrin 

Cocoa processed with allali 
Com syrup solids 
Sodium caseinate 
Soy lecithin 



10 g (range 2 g to 10 g) 
200 mg 



26 g 

2 8 
18O0 mg 
6000 mg 
100 mg 
80 mg 
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Sodium bicarbonate 

Optional Secondary Essential Buffer: 

Tribasic sodium phosphate 



6 g 71.4 mEq 
1000 mg* 



(* Any Secondary Essential Buffer may be added in higher or lower 
amounts to adjust pH for desired stability and additive antacid or buffering 
capacity.) 

Powders of the above compounds are combined as is 
known in the an to create a homogenous mixture with the 
addition of a thickener such as hydroxypropyl cellulose 300 
mg, artificial butterscotch flavor 100 mg, thaumatin powder 
5 mg, and sucrose 30 Gm. 0.s. lo 100 mL with distilled 
water. A PPI or other acid -labile drug may be added by the 
compounding pharmacist selected from available PPls or 
acid-labile drugs from powder or enteric-coaled oral solid 
dosage forms. Different voliunes of water may be added to 
achieve PPI concentrations ranging from 0.8 to 20 mg/mL. 
If other acid labile drugs are employed, the range of con- 
centrations would be as required to deliver the normal 
dosage in an acceptable volume of 1 mL to 30 mL. The 
amount of buffer required to protect the drug in question will 
also determine the minimal feasible volume. This formula- 
tion may be in the form of a one-part product (liquid or dry) 
or a two-part product (liquid and dry), for examples. In the 
two-part example, the drug to be added to the formulation 
may be added to the dry formulation and the liquid part may 
be added at the time of use, or the drug may be added to the 
liquid portion which would be buffered to a pH above that 
required for disintegration of enteric<oated drug formula- 
tions (typically pH of 6.8 or greater). 

For all of the veterinary and human oral dosage forms 
disclosed herein, sweeteners, parietal cell activators, 



('Any Secondary Essential Buffer may be added in higher or lower 
amounts to adjust pH for desired stabDity and additive antadd or buffering 
capacity.) 

Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Preservatives may be added to retard spoilage and include 
40 but are not limited to sodium benzoate, methylparaben, and 
propylparaben. Thickeners such as xanthan gum, guar gum, 
or hydroxymethyl propyl cellulose can be flavoring agents in 
these formulations include chocolate, caramel, maple, butter 
pecan and other flavorings as have been outlined previously. 
^5 Different volumes of water may be added to achieve PPI 
concenu-ations ranging from 0.8 to 20 mg/mL. 

Weigh out approximately 60 g of the formulation. Add 
PPI (or other acid-labile drug) typically in the amount 
equivalent to 10 doses (range 1 dose to 30 doses). 
Q.s. to 100 mL with distilled water. 



Formulation 12: 

55 Oral Buffer Complex Without PPI For General Use to Protect 

Acid Labile E)rugs; Protein Free,. Multi-Dose Example 

Primary Essential Buffer: 

Sodium bicarbonate 
Optional: Secondary 
Essential Buffer 
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5 g (range 2 g to 10 g) (59.5 mEq) 
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None* 

Other ingredients 

Sucrose 
Maltodextrin 

Cocoa processed with alkali 



26 g 

2 g 
1800 mg 



US6,( 




-coDtinued 



FbnnuIalioD 12: 
Oral Buffer Complex Without PPI For General Use to Protect 
Acid Labile Dmgs; Rroteis Free, Multi-Dose Example 

Cora syrup solids 6000 mg 

Soy ledthin 80 mg 



(*ADy Secondary Essential Buffer may be added is higher or lower 
amounts to adjust pH for desired stability and additive antacid or buffering 
capacity.) 

Note that cocoa is a parietal cell activator. 

Thoroughly bleDd the powder, then store in a coDtainer 
protected from light and moisture, such as in a foil packet. 
Weigh out approximately 60 g of the formulation. Add PPI 
(or other acid-labile drug) typically in the amount equivalent 
to 10 doses (range-1 dose to 30 doses). 

Q.s. to 100 mL with distilled water. Different volumes of 
water may be added to achieve PPI concentrations ranging 
from 0.8 to 20 mg/mL. 
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-continued 

Formulation 14: 
Buffer Complex Without PPI For General Use to Protect Add 
Labiie Dmgs; Protein Free, Multi-Doae Enunple 

Maltodeztrin 2 g 

Butterscotch flavor 270 mg 

Com syrup solids 6000 mg 



Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Weigh out approximately 60 g of the formulation. Add 
25 PPI (or other acid-labile drug) typicaUy in the amount 
equivalent to 10 doses (range-1 dose to 30 doses). Q.s. to 
100 mL with distilled water. Different volumes of water may 
be added to achieve PPI concentrations ranging from 0.8 to 
„ 20 mg/mL. 



Formulation 13: 
Buffer Complex Without PPI For General Use to Protect Acid 
Labile Drugs; Protein Free, Lactose Free Multidose Example 



PPI: 

None (to be added later, 

e.g. by compounding pharmacist) 

Primary Essential Buffer(s): 

Sodium bicarbonate 
Other ingredients: 

Sucrose 

Maltodextrin 

Com syrx;^ solids 

Partially faydrogenated soybean oil 

Dipotassium phosphate 

Caramel flavor 

Soy lecithin 

Sodium siltco aluminate 
Titanium dioxide 



8 g (range 2 g to 10 g) 



26 g 

2 8 
6000 mg 
400 mg 
300 mg 
270 mg 
80 mg 
20 mg 
10 mg 
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Formulation 14: 
Buffer Complex V^tboul PPI For General Use to Protect Acid 
Labile I>mgs: Protein Free, Multi-Dose Example 

PPI: 



None (to be added later, e.g. 
by conq)ouDding pharmacist) 
Primary Essential Buffer(s): 

Dibasic sodium phosphate 
Other ingredients: 

Sucrose 



55 
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8 g (range 2 g to 10 g) 
26 g 
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Formulation 15: 
Buffer Complex WiUiout PPI For General Use to Protect Add 
Labile Dmgs; Protein Free, Multi-Dose Example 

PPI: 

None (to be added later, e.g. 
by compounding pharmacist) 
Primary Essential Buffer(s): 

Sodium bicarbonate 
Secondary Essential Buffcr(s): 

Trisodium phosphate 
Other ingredients: 

Sucrose 
Maltodextrin 
Butterscotch flavor 
Com syrup solids 



8 g (range 1 g to 10 g) 
IJ g (range 0 g to 5 g) 



26 g 
2 g 
270 mg 
6000 mg 
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Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 

Optional Secondary Essential Bufifer: 45 

Tnbasic sodium phosphate 1000 mg 

Weigh out approximately 60 g of the formxjJaiion. Add 
PPI (or other acid-labile drug) typically in the amount 
equivalent to 10 doses (range-1 dose to 30 doses). 0^. to 
100 mL with distilled water. Different volumes of water may so 
be added to achieve PPI concentrations ranging from 0.3 to 
20 mg/mL. 



Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Weigh out approximately 60 g of the formulation. Add PPI 
(or other acid -labile drug) typically in the amount equivalent 
to 10 doses (range-1 dose to 30 doses). Q.s. to 100 mL with 
distilled water. Different volumes of water may be added to 
achieve PPI concentrations ranging from 0.8 to 20 mg/mL. 



Formulation 16: 
One Phase Lansoprazole 30 mg Tablet 
Lansoprazole has a pKa of 4.1; thus, the Essential pH - 4.1 0.7 g 4.8 

Examples of buffers that produce a solution with pH 4.8 or greater 
and produce the Essential Buffering Capacity include, but are not limited 
to, sodium bicaibonate, sodium carbonate, 
dibasic sodium phosphate, and dipotassium phosphate. 

Enough powder for 11 tablets is weighed out: 
PPI: 



Lansoprazole powder 
Primary Essential Buffer(s): 

Sodium bicarbonate USP 
Dibasic sodium phosphate 



330 mg 



5500 mg 
2200 mg 



The resultant powder is thoroughly mixed. Then 720 mg 
of the homogeneous mixture is poured into a tablet reservoir 
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(V^ iocb diameter) and pressed througBRill motioD of the 
press as is known in the an. The resultant tablet contains: 



Lansoprazole 30 mg 

Sodium bicarbonate USP 500 mg 

Disodiuffl hydrogen phosphate 200 mg 




-continued 



FonnulatioD 18: 
One Pfaaae Omeprazole 40 mg Tablet 



Magnesium oxide 
Pregelaiinized starch 



1650 mg 
500 mg 



The tablet contains 6 m£q sodium bicarbonate and 1.4 
m£q dibasic sodium phosphate. Variations in this tablet may 
include a tablet containing all dibasic sodium phosphate or 
all sodium bicarbonate or other buffers from the Essential 
Buffers list. The amount of Effective Buffer Capacity per 
tablet may range from as little as about 4 mEq to as much 
as about 30 mEq. 

Additional tablet disintegrants such as croscarmelose 
sodium, pregelatiaized starch, or providone, and tablet bind- 
ers such as tapioca, gelatin, or PVP may be added. Further, 
a film coating may be placed on the tablet to reduce the 
penetration of light and improve ease of swallowing. 



Formulation 17: 
One Phase Omeprazole 20 mg Tablet 
Omeprazole has a pKa of 3.9; thus, the Essential pH - 3.9 -t- 0.7 g 4.6 
Examples of buffers that are sohible at pH 4.6 or greater include, 
but are not limited to, sodium bicarbonate, sodium carbonate, 
disodium hydrogen phosphate (dibasic sodium phosphate), 
and dipotassiiun phosphate. 

Enough powder for 11 tablets is weighed out: 
PPI: 



Omeprazole powder USP 
Primary Essential Buffer(8): 

Sodium bicarbonate USP 
Magnesium oxide powder 
Cfoscarmelose sodium 



220 mg 



6500 mg 
1650 mg 
300 mg 



The resultant powder is thoroughly mixed. Then 788 mg 
of the homogeneous mixture is poured into a tablet reservoir 
(V6 inch diameter) and pressed through a full motion of the 
press as is known in the art. The resultant tablet contains: 



Omeprazole USP 
Sodium bicarbonate USP 
Magnesium oxide 
Croscarmelose sodium 



20 mg 
590 mg 
150 mg 
27.27 mg 



10 



25 



30 
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The tablet contains 7 m£q sodium bicarbonate and 3.75 
m£q magnesium oxide. The amount of Effective Buffer 
Capacity may range from as little as about 4 m£q to as much 
as about 30 mEq. The tablet excipients, tablet binders, and 
film coating of Formulation 16 may also be added. 



The resultant powder is thoroughly mixed. Then 826 mg 
of the homogeneous mixture is poured into a tablet reservoir 
(V6 inch diameter) and pressed through a full motion of the 
press as is known in the art. The resultant tablet contains: 
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Omeprazole USP 
Sodium bicarbonate USP 
Magnesium oxide 
Pregc latinized starch 



40 mg 
590 mg 
150 mg 
45.45 mg 



Formulation 18: 
One Phase Omeprazole 40 mg Tablet 

Enough powder for 11 tablets is weighed out: 
PPI: 

Omeprazole powder USP 
Primary Essential Buffer(s): 



Sodium bicarbonate USP 



440 mg 
6500 mg 



20 



40 



45 



The tablet contains 7 mEq sodium bicarbonate and 3.75 
m£q magnesium oxide. The amount of Effective Buffer 
Capacity may range from as little as 4 mEq to as much as 30 
mEq. The tablet excipients, tablet binders, and film coating 
of Formulation 16 may also be added. 

Esomeprazole magnesium or other proton pump inhibi- 
tors which are of low solubility (such as the base forms) may 
be used in place of omeprazole or lansoprazole in the above 
formulations. The tablet excipients, tablet binders, and film 
coatings of Formulation 16 may also be added. In addition, 
powders of any of the formulations disclosed herein may be 
manufactured by thoroughly mixing the powders as when 
making tablets and omitting the pressing of the tablets. The 
powder is packaged in a suitable container protecting the 
formulation from air moisture and light such as a foD pack 
or sachet. When added to a volume of water (e.g. 3 to 20 mL) 
the formulation may be taken orally or administered down a 
feeding or NG tube, etc. Flavoring agents such as are 
outlined in the above formulations may be used, for 
example, carmel flavor 0.1% w/w. For bitter lasting PPIs 
such as pantoprazole, omeprazole, esomperazole and 
rabeprazole, the use of thaumatin in a quantity of 5 to 10 
ppm may be useful in masking the bitterness. Sweeteners 
such as sucrose or aspartame may also be employed. Tablet 
disintegrants such as croscarmelose sodium and glidants 
such as magnesium stearate may additionally be used. 
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Formulation 19: Omeprazole Powder Formulations (single dose) 

PPI: 



Omeprazole powder USP 
55 (or esomeprazole magnesium). 
Primary Essential Buffer(s): 

Sodium bicarbonate USP powder (60 micron) 
Magnesium oxide USP powder 
Optional Secondary Essential Buffcr(s): 



20 mg or 40 mg 



1000 mg 
500 mg 
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Tribasic sodium phosphate 
Other ingredients: 

Dextrose 

Xantban gum (Rhodigel ultra fine) 
Thaumatin (Flavor enhancer) 



200 mg* 



60 mg 
15 mg 
5 to 10 ppm 
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Thoroughly blead the powder, ilMliitute all of the 
powder with 5 ml to 20 ml distilled water aad administer the 
suspension enterally to the patient. 



ic^l^ei 



Thoroughly blend thc^B^er. Reconstitute all of the 
powder with 5 mL to 20 mL distilled water ai the lime of use. 



FonnutatioD 20: Unflavored Omepiazole Powder (single dose) 



OmepTazole powder USP 
Sodium bicariwnate USP 
Parietai cell activator 

Caldum chloride 
Other ingredients: 

Dextrose 

Xantban gum (Rhodigel ulta fioe) 
Tbaumalis (Flavor eahascer) 



20 mg or 40 mg 
1500 mg 



200 mg 



60 mg 
15 mg 
5 to 10 ppm 



10 



15 



Thoroughly blend the powder. Reconstitute all of the 
powder with 5 mL to 20 mL distilled water and administer 
the suspension enterally to the patient. 20 



Formulation 21: Flavored Omeprazole Powder (single dose) 



Omeprazole powder USP 

Dibasic sodium Phosphate duohydrate 

Sodium bicarbonate USP 

Sucrose 

Maltodextrin 

Cocoa processed with alkali* 

Com syn^ solids 

Xanthao giun 

Aspartame 

Thaumatin 

Soy lecithin 



20 mg 
2000 mg 

840 mg to 1680 mg 

2.6 g 
200 mg 
180 mg 
600 mg 
15 mg 
15 mg 
2 mg 
10 mg 
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* Parietal cell activator 

Thoroughly blend the powder. Reconstitute all of the 
powder with 10 mL to 20 mL distilled water at the time of 
use. 
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Formulation 22: Unflavored Lansoprazole Powder (single dose) 



Lansoprazole powder USP 
Sodium bicarbonate USP 



IS mg or 30 mg 
400 mg to 1500 mg 



45 



Optionally: Tribasic sodium phosphate to adjust pH for longer stability 
and enhanced buffering capacity (alternatively other Essential Buffeis may 
be employed) 

Thoroughly blend the powder. Reconstitute all of the 
powder with 5 mLto 20 mL distilled water at the time of use. so 



Formulation 23: Flavored Lansoprazole Powder (single dose) 



PPl: 




Lansoprazole powder USP 


30 mg 


Primary Essential Buffer(s): 




Dibasic Sodium Phosphate USP or 


1500 mg 


Sodium bicarbonate USP 




Sucrose 


26 g 


Maltodextrin 


2g 


Cocoa processed with aUcali* 


18 mg 


Com symp solids 


600 mg 


Soy lecithin 


80 mg 



'Parietal cell activator 
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Formulation 24: Unflavored Rabeprazole Powder (single dcae) 
PPI: 

Rabeprazole sodium powder USP 20 mg . 

Primary Essentia] Buffer(s): 

Disodium phosphate duohydrate USP 2000 mg 

Optional Secondary Essential Buffer(s) 

Tribasic sodium phosphate 100 mg 



Thoroughly blend the powder and reconstitute with dis- 
tilled water prior to administration. OptionaUy, thickeners 
and flavoring agents may be added as stated throughout this 
application. The anticipated volume for this powder would 
be 20 mL per dose. This formulation is designed to enhance 
stability of rabeprazole through the use of the common ion 
effect whereby sodium causes a "salting out" of rabeprazole 
sodium. This causes the rabeprazole sodium to remain 
insoluble thereby increasing its stability. 



Formulation 25: Unflavored Rabeprazole Powder (single doee) 
PPl: 

Rabeprazole sodium powder USP 20 mg 

Primary Essential BuiBFer(s): 

Sodium bicarbonate USP 1200 mg 

Secondary Essential Buffer(s): 

Trisodium phosphate USP 300 mg 

Optional Secondary Essential Buffer(s): 

Sodium hydroxide or Tribasic potassium may be added in higher 
or lower amounts to adjust pH for desired stability and additive 
antacid or buffering capacity. 



Thoroughly blend the powder and reconstitute with 15 mL 
distilled water at the time of use. 

Alternatively, a two part product may be employed com- 
prising one part of about 5 to about 15 mL distilled water 
with a low concentration of Secondary Essential Buffer (e.g. 
trisodium phosphate (100 mg) or sodium hydroxide (50 
mg)) used to dissolve an enteric-coated tablet of rabeprazole 
thereby producing a stable solution/suspension. This highly 
alkaline suspension containing low neutralization capacity 
and rabeprazole sodium may then be added with a second 
part containing the Primary Essential Buffer(s) having sig- 
nificant neutralization capacity. If desired other Secondary 
Essential Buffer(s) may be included with the Primary Essen- 
tial Buffers. This formulation is designed to enable the use 
of the commercially available enteric-coated tablet of 
rabeprazole as the source of the PPl. This tablet requires 
disintegration prior to use as a liquid formulation. Part 1 (the 
low concentration of Secondary Essential Buffer) produces 
rapid dissolution of the delayed-release tablet as well as 
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prolonged stability of rabeprazole soflimD the liquid form. 
This enables the preparatioo to be prepared prior to admin- 
istralioD and simply added to the Primary Essential Buffer(s) 
(part 2) prior to use. 



Formulatioo 26: Uoflavored Rsbcprazole Powder (single dose) 
PPI: 

Rftbepmzole sodium powder USP 20 mg 

Primary Essential Baffer(8): 

Calcium lactate USP 700 mg 

C&ldum glycerophosphate 700 mg 

Secondary Essential BuSier(s): 

Calcium hydroxide USP 15 mg 

(Other Secondary Essential Buflfers with cations of sodium or potassium 
may be added in higher or lower amounts to adjust pH for desirable 
stability.) 



15 



20 



Thoroughly blend the powder. Reconstitute the powder 
with a liquid part comprising 10 mL glycerol and 10 mL 
distilled water at the time of use. Alternatively, the liquid for ^ 
reconstitution may be only water (e.g. distilled) and contain 
some of the buffer. The liquid for reconstitution may be 
supplied as a buffered product (to pH 9-11) for dissolving 
rabeprazole sodium delayed -release tablets (if used as a 
source of rabeprazole sodium). 



Formulation 27: Unflavored Esomeprazole Powder (single dose) 
PPI: 

Esomeprazole magnesium powder USP 20 mg 

Primary Essential Buffer(s): 

Calcium lactate USP 800 mg 

Calcium glycerophosphate 800 mg 

Secondary Essential Buffer(s): 

Calcium hydroxide USP 15 mg 

(Other Secondary Essential Buffers with cations of calcium or magnesium 
may be added in higher or lower amounts to adjust pH for desirable 
stability.) 

Thoroughly blend the powder. Reconstitute the powder 
with a liquid part comprising of 10 mL distilled water at the 
time of use. The liquid for reconstitution may be supplied as 
a buffered product (to pH g-Il) for dissolving esomeprazole 
magnesium delayed release granules (if used as a source of 
esomeprazole magnesium). 
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-continued 



Formulation 28: Omeprazole TWo Part Tablet 
IVo part tablets contain an outer buffer phase and inner buffer/PPI core. 
Enough for 6 tablets is weighed out 

Outer Phase: 



10 



Sodium bicarbonate USP 



3960 mg 



Formulation 28: Omeprazole TWo Part Tablet 
T\vo part tablets contain an outer buffer phase and inner buffer/PPI core. 
Enough for 6 tablets is weighed out. 



Omeprazole powder USP 120 mg 

(or esomeprazole magnesium or omeprazole sodium). 
Primary Essential BuffeKs): 

Sodium bicarbonate USP 1200 mg 
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(Secondary Essential Buffers such as trisodium phosphate, iripotassitmi 
phosphate or sodium carbonate or others may be added to enliance neu- 
tralization ogiacity.) 

Thoroughly blend the powders for the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of Vs" diameter. The powder mixture is then 
formulated into small tablets by conventional pharmaceuti- 
cal procedures. Repeat for five additional tablets, then set 
these small inner tablets aside. 

The outside layer surrounding the PPI tablet serves as a 
pH-buffering zone. Enough sodium bicarbonate for 6 tablets 
is weighed out with approximately 280 mg per Ublet for a 
total of 1680 mg sodium bicarbonate USP. Then weigh out 
approximately 280 mg of the resultant blend and add to a die 
of V^** diameter. Press through a full motion to compact the 
powder into a tablet. Place the tablet back into the inch die 
and then place the smaller Vs" tablet (inner tablet) on top of 
the Vi" tablet and center it. Add approximately 380 mg 
sodium bicarbonate to the die on top of the W tablet and the 
Vs" tablet. Press through a fuU motion to compact the 
materials into one tablet. The approximate weight of each 
tablet is 815 mg to 890 mg containing 20 mg omeprazole. 
Binders such as tapioca or PVF and disintigrants such as 
pregelatinized starch may be added. The outer layer may 
also comprise pharmaceuticaUy acceptable tablet exipients. 
Optional coatings can also be employed, for example, light 
film coatings and coatings to repel ultraviolet light as is 
known in the art. 

Magnesium oxide or magnesium hydroxide may be sub- 
stituted for the sodium bicarbonate outer phase. Enough 
magnesium oxide for 6 tablets is weighed out with approxi- 
mately 280 mg per tablet for a total of 1 680 mg magnesium 
oxide USP. Then weigh out approximately 280 mg of the 
resultant blend and add to a die of diameter. Press 
through a full motion to compact the powder into a tablet. 
Place the tablet back into the ^ inch die and then place the 
smaller Vs" tablet (inner tablet) on top of the tablet and 
center it. Add approximately 380 mg magnesium oxide to 
the die on top of the V^" tablet and the Vb*" tablet. Press 
through a full motion to compact the materials into one 
tablet. The approximate weight of each tablet is 815 mg to 
890 mg containing 20 mg omeprazole. Binders such as 
tapioca or PVP and disintigrants such as pregelatinized 
starch, croscarmelose sodium or microcrystalline cellulose 
(MCQ and colloidal silicone dioxide (CSD) may be added. 
The outer layer may also comprise pharmaceuticaUy accept- 
able tablet exipients. Optional coatings can also be 
employed, for example, light film coatings and coatings to 
repel ultraviolet light as is known in the art. 

The outer phase can alternatively comprise a combination 
of sodium bicarbonate and magnesium oxide. 
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Fortmilatioo 29: Lansoprazole IVvo Part Tablet 
Enough for 6 tablets is weighed ouL 



Inner Core: 




PPI: 




Lansoprazole powder USP 


180 mg 


Primary Essential Buffer: 




Sodium bicarbonau USP 


1200 mg 


Outer Phase: 


Sodium bicarbonate USP 


3960 mg 



10 



add to a die of Vs" diametMKe inner and outer tablets are 
tfaeo formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 815 mg to 890 mg. Binders 
such as tapioca or PVP and disintigrants have been men- 
tioned and may be added. Secondary Essential Buffers sudi 
as trisodium phosphate, thpotassium phosphate or sodium 
carbonate or others may be added to enhance neutralization 
capacity. 



15 



Thoroughly blend the powders of the inner core, then 
weigh out approximately 230 mg of the resultant blend and 
add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 825 mg to 900 mg. Binders 
such as tapioca or PVP and disintigrants such as pregelati- 
nized starch may be added. 

25 



FormulatioD 32: Lansoprazole IVo part tablet 
Enough for 6 tablets is weighed out 



Formulation 30: Pantoprazole IWo Part Tablet 
Enough for 6 tablets is weighed ouL 



Inner Core: 




PPI: 




Pantoprazole powder USP 


240 mg 


(or pantoprazole sodium) 




Primary Essential Buffer: 




Sodium bicarbonate USP 


1200 mg 


Outer Phase: 


Sodium bicarbonate USP 


3960 mg 
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Inner Core: 




PPI: 




Lansoprazole powder USP 


180 mg 


Primary Essential Buffer: 




Sodium bicarbonate 


1200 mg 


Outer Phase: 




Sodium bicarbonate 


3960 mg 



Thoroughly blend the powders for the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 835 mg to 910 mg. Binders 
such as tapioca or PVP and disintigrants such as pregelati- 
nized starch or croscarmelose sodium may be added. 



Thoroughly blend the powder of the iimer core, then 
weigh out approximately 230 mg of the resultant blend and 
add to a die of Vs** diameter. The inner and outer tablets are 

35 then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 825 mg to 900 mg. Binders 
such as tapioca or PVP and disintigrants have been men- 
tioned and may be added. Secondary Essential Buffers such 

40 as trisodium phosphate, thpotassium phosphate or sodium 
carbonate or others may be added to enhance neutralization 
capacity. 
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Formulation 33: Pantoprazole TWo part tablet 
Enough for 6 tablets is weighed ouL 



FonnulatioD 31 : Omeprazole or esomeprazole two part tablet. 
Enough for 6 tableu is weighed out. 

Inner Core: 
PPI: 
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Omeprazole powder USP (or esomeprazole or 
omeprazole sodium). 
Primary Essential Buffer: 

Sodium bicarbonate 
Outer Phase: 

Sodium bicarbonate 



120 mg 

1200 mg 
3960 mg 



Inner Core: 
PPI: 

Pantoprazole sodium powder USP 
Primary Essential Buffer: 

Sodium bicarbonate 
Outer Phase: 

Sodium bicarbonate 



240 mg 
1200 mg 
3960 mg 



60 



Thoroughly blend the powders of the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
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Thoroughly blend the powders of the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 835 mg to 910 mg. Binders 
such as tapioca or PVP and disintegrants may also be added. 
Secondary Essentia] Buffers, such as trisodium phosphate, 
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iripotassium phosphate, sodium ca 
added to eobaoce Deutralizatioo capacity. 
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T Others, may be 



FonnuIatioD 34: Omeprazole 20 mg TWPart Tablet 

loner Core: 
PPI: 



-^l^ed 



FonnulatioD 36: Rabeprazoie 20 mg TNiro-Part Tablet 



Outer Phase: 



Sodium bicarfoonau powder USP 



1000 mg 



This two-part tablet is formulated as per Formulation 34. 



10 



Omeprazole enteric coated granules (base, or 
sodiutm salt or esomepmzole sodium or magnesium) 
Outer Phase: 



Soditun bicarbonate powder USP 



20 mg 



1000 mg 



15 



The inner core is created as is known in the art such that 
the enteric coatings on the granules remain substantially 
intact. The outer phase is boiind to the inner core as 
described in Formulation 28. Other variations of this tablet 
include a uniform enteric coating surroimding the PPI of the 
inner core instead of separate enteric coated granules. 
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Formulation 37: Omeprazole TWo Part Tablet 
Enough for 6 tablets is weighed out 



Inner Core: 
Omeprazole 

Sodium bicarbonate power USP 
Outer Phase: 

Magnesium oxide 
Optional-calcium caibonate 



120 mg 
1200 mg 



1500 mg 
3000 mg 



The omeprazole and sodium bicarbonate of the inner core 
are homogeneously mixed and formed as in Formulation 28. 
The outer phase is combined with the inner core as in 
Formulation 28. 



Formulation 38: Combination Antacid 
and Enteric Coated Dosage Form 

Omeprazole enteric coaled granules or 20 mg (or an equivalent dose of another PPI) 
enteric coated tablet 

Calcium carbonate 1000 mg 
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Formulation 35: Lansoprazole 30 mg TSvo-Part Tablet 

Inner Core: ^ 
PPI: 

Lansoprazole enteric coated granules 30 mg 

Outer Phase: 

45 

Sodium bicarbonate powder USP 1000 mg 

This two-part tablet is formulated as per Formulation 34. 

— — 50 

Formulation 36: Rabcprazole 20 mg TWo- Part Tablet 

Inner Core: 
PPI: 

Rabeprazole enteric coated granules 20 mg 55 



The above components are combined with care exerted to 
ensure that the enteric coating is not crushed or otherwise 
compromised. The resulting combination is then formed into 
compressed tablets or placed in capsules as is known in the 
pharmaceutical art: If enteric coated granules are employed, 
they are generally, but not required, dispersed throughout the 
tablet or capsule. If an enteric coated tablet is alternatively 
utilized, it forms a central core, which is uniformly sur- 
rounded by the calcium carbonate in either a compressed 
tablet or in a larger capsule. In another embodiment, a 
capsule containing enteric coated granules of PPI can be 
placed within a larger capsule containing the calcium car- 
bonate. 

It should be noted that other buffering agents can be 
utilized in lieu of or in combination with calcium carbonate. 
The bu£fer(s) employed is present in an amount of at least 
about 5 mEq per dose of the composition with the preferred 
range been 7.5 to 15 mEq. For example, sodium bicarbonate 
may be preferred over calcium carbonate and other antacids 
(such as magnesium or aluminum salts) because in many 
cases, sodium bicarbonate more quickly lowers gastric pH. 



Formulation 39: Combination Rapid 
Release and Delayed Released PPI and 
Antacid 



Inner core: JO or 20 mg (or an equivalent dose of another 



Omeprazole enteric coated granules or PPI) 
enteric coaled tablet 
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Release and Delayed Released PPI and 




Antacid 




Outer phase: 




Omeprazole powder 


10 or 20 mg (or equivalent dose of anolher 




PPI) 


Caldum Carbonate powder 


1000 mg 



The constituents of the outer phase are uniformly mixed. 
The inner core is created as is known in the art such that the 
enteric coatings on the granules or tablet remain substan- 
tially intact. The outer phase is bound to the inner core as 
described herein and as known in the art. 

Formulation 40: Soft Chewable PPI-Bufifer Dosage Form 

Omeprazole 10 or 20 mg (or an equivalent dose of another 
PPI) is combined with the ingredients of a soft chewable 
antacid tablet (e.g., V^activ®), which comprises calcitmi 
carbonate 500 or 1000 mg, com syrup, sugar, chocolate non 
fat milk, cocoa butter, salt, soy lecithin, glyceryl 
monostearate, flavoring (e.g., caramel), carrageenan, and 
sodium phosphate. \^tamins D3 and/or Kl can also be 
added. The finished chew tablets are administered to patients 
once to tbnce daily for gastric acid related disorders. 

For all formulations herein, multiple doses may be pro- 
portionally compounded as is known in the art. 

The invention has been described in an illustrative 
manner, and it is to be understood the terminology used is 
intended to be in the nature of description rather than of 
limitation. All patents and other references dted herein are 
incorporated herein by reference in their entirety. Obviously, 
many modifications, equivalents, and variations of the 
present invention are possible in light of the above teach- 
ings. Therefore, it is to be understood that within the scope 
of the appended claims, the invention may be practiced other 
than as specifically described. 

I claim: 

1. A solid oral pharmaceutical dosage form that is not 
enteric-coated, comprising: 

active ingredients consisting essentially of: 

(a) at least one proton pump inhibitor (PPI) selected 
from the group consisting of omeprazole, 
lansoprazole, rabeprazole, esomeprazole, 
pantoprazole, pariprazole, and leminoprazole, and an 
enantiomer, isomer, free base, or salt thereof, in an 
amount of approximately 5 mg to approximately 300 
mg; and 

(b) at least one Primary Essential Buffer and at least one 
optional Secondary Essential Buffer in a total 
amount of approximately 0.1 mEq to approximately 
2.5 mEq per mg of proton pimip inhibitor; and 

a pharmaceuiically-acceptable excipient; 

wherein the dosage form is selected from the group 
consisting of a suspension tablet, chewable tablet, 
two-part tablet, effervescent powder, and efferves- 
cent tablet. 

2. The dosage form of claim 1, wherein the proton pump 
inhibitor is in an amount from approximaiely 10 mg to 
approximately 100 mg. 

3. The dosage form of claim 1, wherein the proton pump 
inhibitor is omeprazole. 

4. The dosage form of claim 1, wherein the proton pump 
inhibitor is lansoprazole. 

5. The dosage form of claim 1, wherein the proton pump 
inhibitor is pantoprazole. 



6. The dosage form of claim 1, wherein the proton pump 
inhibitor is rabeprazole. 
^5 7. The dosage form of claim 1, wherein the proton pump 
inhibitor is esomeprazole. 

8. The dosage form of claim 1, wherein the proton pump 
inhibitor is pariprazole. 

9. The dosage form of claim 1, wherein the proton pump 
20 inhibitor is leminoprazole. 

10. The dosage form of claim 1, wherein the Primary 
Essential Buffer is selected from the group consisting of 
sodium bicarbonate, sodium sesquicarbonate, dibasic 
sodium phosphate, sodium tripolyphosphate, tetrasodium 

25 pyrophosphate, sodium citrate, calcium citrate, calcium 
carbonate, magnesium oxide, sodium gluconate, sodium 
lactate, sodium acetate, dipotassium phosphate, tetrapotas- 
sium pyrophosphate, potassium bicarbonate, calcium 
lactate, calcium glycerophosphate, calcium gluconate, mag- 
30 nesium lactate, magnesium gluconate, and magnesium 
hydroxide, and mixtures thereof. 

11. The dosage form of claim 10, wherein the Primary 
Essential Buffer is sodium bicarbonate. 

12. The dosage form of claim U, wherein the sodium 
35 bicarbonate is in an amount from about 400 mg to about 

4000 mg. 

13. The dosage form of claim 11, wherein the sodium 
bicarbonate is in an amount of at least about 800 mg. 

14. The dosage form of claim 10, wherein the Primary 
40 Essential Buffer is calcium carbonate. 

15. The dosage form of claim 14, wherein the calcium 
carbonate is in an amount from about 400 mg to about 4000 
mg. 

16. The dosage form of claim 14, wherein the calcium 
45 carbonate is in an amount from about 500 mg to about 1000 

mg. 

17. The dosage form of claim 14, wherein the calcium 
carbonate is in an amount of at least about 700 mg. 

18. The dosage form of claim 1, wherein the Secondary 
50 Essential Buffer is selected from the group consisting essen- 
tially of sodium carbonate, potassium carbonate, trisodium 
phosphate, tripotassitim phosphate, calcium hydroxide, and 
sodium hydroxide. 

19. The dosage form of claim 1, wherein the 
55 pharmaceuiically-acceptable excipient comprises at least 

one flavoring agent. 

20. The dosage form of claim 19, wherein the flavoring 
agent coropnses apple, caramel, meal, chocolate, root beer, 
maple, cherry, coffee, mint, licorice, nut, butter, 

60 butterscotch, peanut butter, aspartame, chocolate, 
tbalmantin, root beer, peppermint, spearmint, or 
watermelon, and combinations of any of the foregoing. 

21. The dosage form of claim 1, wherein the 
pharmaceuiically-acceptable excipient comprises an anti- 

65 foaming agent. 

22. The dosage form of claim 1, wherein the 
pharmaceuiically-acceptable excipient comprises a binder. 
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diluent, lubricant, disintegrant, ooloi^BEitioxidant, cbelat 
ing agent, anti-caking agent, moistening agent, preservative, 
or coating- 

23. The dosage fonn of claim 10, wherein the Primary 
Essential Buffer is sodium bicarbonate and calcium carbon- 5 
ate. 

24. A solid oral pbarmaceutical dosage form that is not 
enteric-coated, comprising: an outer layer and an inner core; 

the outer layer comprising active ingredients consisting 
essentially of at least one Primary Essential Buffer; and 

the inner core comprising active ingredients consisting 
essentially of at least one proton pump inhibitor 
selected from the group consisting of omeprazole, 
lansoprazole, rabeprazole, esomeprazole, pantoprazole, 
pariprazole, and leminoprazole, or an enantiomer, 
isomer, free base, or salt thereof, and at least one 
buffering agent selected from the group consisting of a 
Primary Essential Buffer and a Secondary Essential 
Buffer; 

wherein the total amount of the proton pump inhibitor is 
approximately 5 mg to approximately 300 mg; and the 
total amount of the buffering agent is approximately 0.1 
m£q to approximately 2.5 mEq per mg of proton pimip 
inhibitor. 

25. A method of administering the dosage form of claim 
1, comprising: orally administering the dosage form to a 
subject, wherein the amount of the Primary Essential Buffer 
and the optional Secondary Essential Buffer is effective to 
elevate pH of gastric fluid of the subject upon oral admin- 
istration to at least 3.7 from time the proton pump inhibitor 
comes in contact with the gastric fluid throughout dwell time 
in the stomach. 

26. The method of claim 25, wherein the amount of the 
Primary Essential Buffer and the optional Secondary Essen* 
tial Buffer is effective to elevate the pH of the gastric fluid 
of the subject upon oral administration to at least 4.6. 
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27. The method of claHB, wherein the amount of the 
Primary Essential Buffer and the optional Secondary Essen- 
tial Buffer is effective to elevate the pH of the gastric fluid 
of the subject upon oral administration to at least 4.8. 

28. The method of claim 25, wherein the amount of the 
Primary Essential Buffer and the optional Secondary Essen- 
tial BujSfer is effective to elevate the pH of the gastric fluid 
of the subject upon oral administration to at least 5.6. 

29. Anon -enteric coated solid oral pharmaceutical dosage 
form, comprising: 

(a) active ingredients consisting essentially of: 

(i) a proton pump inhibitor (PPI) selected from the 
group consisting of omeprazole, lansoprazole, 
rabeprazole, esomeprazole, pantoprazole, 
pariprazole, and leminoprazole, and an enantiomer, 
isomer, free base, and salt thereof, in an amount of 
approximately 5 mg to approximately 300 mg; and 

00 at least one Primary Essential Buffer and at least 
one optional Secondary Essential Buffer in a total 
amount of approximately 0.1 mEq to approximately 
23 mEq per mg of proton pump inhibitor; and 

(b) a pharmaceutically-acccptable excipienl; 

wherein the dosage form is created by a method comprising: 

i) blending the proton pump inhibitor, the Primary Essen- 
tial Buffer, the optional Secondary Essential Buffer, and 
the pharaoaceutically-acceptable exdpient; and 

ii) formulating the proton pump inhibitor, the Primary 
Essential Buffer, the optional Secondary Essentia] 
Buffer, and the pbarmaceutically-acceptable excipient 
into a powder, tablet, suspension tablet, chewable 
tablet, capsule, two-part tablet, two-part capsule, effer- 
vescent powder, pellet, granule or effervescent tablet. 
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SUBSTITUTED BENZIMIDAZOLE DOSAGE 
FORMS AND METHODS OF USING SAME 

This application is a continuatioD-iii-part of U.S. patent 
application Scr. No. 09/901,942, filed on Jul. 9, 2001, which 
is a continuation-in-part of U.S. patent application Ser. No. 
09/481,207, filed on Jan. 11, 2000, now U.S. Pat. No. 
6,489346, which is a continuation-in-part of U.S. patent 
application Ser. No. 09/183,422, filed on Oct. 30, 1998, now 
abandoned, which is a continuation-in-part of U.S. patent 
application Ser. No. 08/680376, filed on Jul. 15. 1996, now 
U.S. Pal. No. 5340.737, which claims priority to U.S. 
Provisional Application Serial No. 60/009,608, filed on Jan. 
4, 1996. This application claims priority to all such previous 
applications, and such applications are hereby incorporated 
herein by reference. 

TECHNICAL HELD 

The present invention relates to pharmaceutical prepara- 
tions comprising substituted l)enzimidazole proton pump 
inhibiting agents. 

BACKGROUND OF THE INVENTION 

Omeprazole is a substituted benzimidazole, 5-methoxy- 
2-[(4-methoxy-33-dimethyl-2-pyridinyl) methyl)sulfinyl]- 
IH-benzimidazole, that inhibits gastric acid secretion. Ome- 
prazole belongs to a class of anti secretory compounds 
called proton pump inhibitors proton pump inhibiting agents 
("PPIs") that do not exhibit aniti-cholincigic or Hj histamine 
antagonist properties. Drags of this class suppress gastric 
acid secretion by the specific inhibition of the H***, 
K*-ArPase enzyme system (proton pump) at the secretory 
surface of the gastric parietal cell. 

Typically, omeprazole, lansoprazole and other proton 
pump inhibitors are formulated in an enteric -coated soUd 
dosage form (as either a delayed-release capsule or tablet) or 
as an intravenous solution (as a product for reconstitution), 
and are prescribed for short-term treatment of active duode- 
nal ulcers, gastric ulcers, gastroesophageal refiux disease 
(GERD), severe erosive esophagitis, poorly responsive 
symptomatic gastroesophageal reflux disease, and patho- 
logical hypersecretory conditions such as Zollinger Ellison 
syndrome. These conditions are caused by an imbalance 
between acid and pepsin production, called aggressive 
factors, and mucous, bicarbonate, and prostaglandin 
production, called defensive factors. These above -listed 
conditions commonly arise in healthy or critically ill 
patients, and may be accompanied by significant upper 
gastrointestinal bleeding. 

H2-antagonists, antacids, and sucralfate are commonly 
administered to minimize the pain and the complications 
related to these conditions. These drugs have certain disad- 
vantages associated with their use. Some of these drugs are 
not completely effective in the treatment of the aforemen- 
tioned conditions and/or produce adverse side effects, such 
as mental confision, constipation, diantea, and thrombocy- 
topenia. H^-antagonists, such as ranitidine and cimetidine, 
are relatively costly modes of therapy, particularly in NPO 
patients, which fi-equently require Ihe use of automated 
infusion pumps for continuous intravenous infusion of the 
drug. 

Patients with significant physiologic stress are at risk for 
stress-related gastric mucosal damage and subsequent upper 
gastrointestinal bleeding (Marrone and Siltn, Pathogenesis, 
Diagnosis and Treatment of Acute Gastric Mucosa Lesions, 
CUN GASTROENTEROL 13:635-650 (1984)). Risk fac- 



',885 B2 




tors that have been clearly associated with the development 
of stress-related mucosal damage are mechanical 
ventilation, coagulopathy, extensive bums, head injury, and 
organ transplant (Zinner el al.. The Prevention of Gas- 

^ troimestinal Tract Bleeding in Patients in an Intensive Care 
Unit, SURG. GYNECOL. OBSTET. 153:214-220 (1981); 
Larson et al.. Gastric Response to Severe Head Injury, AM. 
J. SURG. 147:97-105 (1984); Czaja el al., Acute Gas- 

]0 troduodenal Disease After Thermal Injury: An Endoscopic 
Evaluation of Incidence and Natural History, N ENGL J. 
MED, 291:925-929 (1974); Skillman el al.. Respiratory 
Failure, Hypotension, Sepsis arui Jaundice: A Clinical Syn- 
drome Associated with Lethal Hemorrhage From Acute 

^5 Stress Ulceration, AM. J. SURG., 117:523-530 (1969); and 
Cook et al.. Risk Factors for Gastrointestinal Bleeding in 
Critically III Patients, N. ENGL. J. MED., 330:377-381 
(1994)). One or more of these factors are often found in 

20 critically iU. intensive care unit patients. A recent cohort 
study challenges other risk factors previously identified such 
as acid-base disorders, multiple trauma, significant 
hypertension, major surgery, multiple operative procedures, 
acute renal failure, sepsis, and coma (Cook et al.. Risk 

25 Factors for Gastrointestinal Bleeding in Critically III 
Patients, N. ENGL. J. MED., 330:377-381 (1994)). Regard- 
less of the risk type, stress-related mucosal damage results 
in significant morbidity and mortality. Clinically significant 

^ bleeding occurs in at least twenty percent of patients with 
one or more risk factors who are left untreated (Martin et al., 
Continuous Intravenous cimetidine Decreases Stress-related 
Upper G astro-intestinal Hemorrhage Without Promoting 
Pneumonia, CRIT CARE MED., 21:19-39 (1993)). Of 

35 those who bleed, approximately ten percent require surgery 
(usually gastrectomy) with a reported mortality of thirty 
percent to fifty perceut (Czaja et ^V, Acute Gastroduodenal 
Disease After Thermal Injury: An Endoscopic Evaluation of 

^ Incidence and Natural History, N ENGL. J. MED, 
291:925-929 (1974); Peura and Johnson. Cimetidine for 
Prevention and Treatment of Gastroduodenal Mucosal 
Lesions in Patients in an Intensive Care Unit, ANN 
INTERN MED., 103:173-177 (1985)). Those who do not 

45 need surgery often require multiple transfusions and pro- 
longed hospitalization. Prevention of stress-related upper 
gastrointestinal bleeding is an important clinical goal. 

Omeprazole (Prilosec(®), lansoprazole (Prevacid®) and 
other proton pump inhibitors reduce gastric acid production 
by inhibiting , /T-ATPase of the parietal cell — the final 
common pathway for gastric acid secretion (Fellenius et al.. 
Substituted Benzimidazoles Inhibit Gastric Acid Secretion 
by Blocking H*, IC-ATPase, NATURE, 290:159-161 
(1981); Wallmark et al, The Relationship Between Gastric 
Acid Secretion and Gastric IT, IC-ATPase Activity, J. 
BIOL.CHEM., 260:13681-13684 (1985); Fryklund et al., 
gQ Function and Structure of Parietal Cells After H*, 
IC-ATPase Blockade, AM. J. PHYSIOL.. 254 (3 PT 1); 
G399-407 (1988)). 

65 Proton pump inhibitors contain a sulfinyl group in a 
bridge between substituted benzimidazole and pyridine 
rings, as illustrated below. 




LANSOPRAZOLE O^Ha 

OMEPRAZOLE 




^^***^\^^^^^^^^^*-^ Enzyme SH 




OCH3 

ENZYME-INHIBITOR COMPLEX 



At neutral pH, omeprazole, lansoprazole and other proton 
pump inhibitors are chemically stable, lipid-soluble, >veak 
bases that are devoid of inhibitory activity. These neutral 
weak bases reach parietal cells from the blood and diffuse 
into the secretory canaliculi, where the drugs become pro- 
ton ated and thereby trapped. The protonated agent rear- 
ranges 10 form a sulfenic acid and a su If en amide. The 
sulfenamide interacts covalently with sulfhydryl groups at 
critical sites in the extracellular (luminal) domain of the 
membrane -spanning H*, K*-ArPase (Hardman et al.. Good- 
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man A Oilman's The Pharmacological Basis of 
Therapeutics, p. 907 (9^ cd. 1996)). Omeprazole and 
lansoprazole, therefore, are prodrugs that must be activated 
to be effective. The specificity of the effects of proton pump 

5 inhibitors is also dependent upon: (a) the selective distribu- 
tion of H*. K''-ATPase; (b) the requirement for acidic 
conditions to catalyze generation of the reactive inhibitor; 
and (c) the trapping of the protonated drug and the cationic 
sulfenamide within the acidic canaliculi and adjacent to the 

10 target enzyme. (Hardman ct al., 1996). 

Omeprazole and lansoprazole are available for oral 
administration as enteric-coated granules in gelatin capsules. 
Other proton pump inhibitors such as rabeprazole and pan- 
toprazole are supplied as enteric-coated dosage forms. The 

15 enteric dosage forms of the prior art have been employed 
because they are acid labile; thus, it is important that these 
drugs not be exposed to low pH gastric acid prior to 
absorption. Although these dmgs are stable at alkaline pH, 
they are destroyed rapidly as pH falls (e.g., by gastric acid). 

^0 Therefore, if the micro-encapsulation or the enteric coating 
is disrupted (e.g., trituration to compound a liquid, or 
chewing the capsule), the dosage forms of the prior art will 
be exposed to degradation by the gastric acid in the stomach. 
The absence of an intravenous or oral liquid dosage form 

^ in the United States has limited the testing and use of 
omeprazole, lansoprazole and rabeprazole in the critical care 
patient population. Barie et al.. Therapeutic Use cf Ome- 
prazole for Refractory Stress-induced Gastric Mucosal 
Hemorrhage, CRIT. CARE MED., 20:899-901 (1992) have 

^ described the use of omeprazole enteric-coated pellets 
administered through a nasogastric tube to control gas- 
trointestinal hemorrhage in a critical care patient with multi- 
organ failure. However, such peUets are not ideal as they can 
aggregate and occlude such tubes, and they are not suitable 
for patients who cannot swallow the pellets. AM J. 
HEALTH-SYST PHARM 56:2327-30 (1999). 

Proton pump inhibitors such as omeprazole represent an 
advantageous alternative to the use of Hj-antagonists, 

^ antacids, and sucralfate as a treatment for complications 
related to stress-related mucosal damage. However, in their 
current form (capsules containing enteric-coated granules or 
enteric-coated tablets), proton pump inhibitors can be difB- 
cult or impossible to administer to patients who are either 
unwilling or unable to swallow tablets or capsules, such as 
critically iU patients, children, the elderly, and patients 
suffering from dysphagia. Therefore, it would be desirable to 
formulate a proton pump inhibitor solution or suspension 
which can be enterally delivered to a patient thereby pro- 
viding the benefits of the proton pump inhibitor without the 
drawbacks of the current enteric -coated solid dosage forms. 

Omeprazole, the first proton pump inhil)itor introduced 
into use, has been formulated in many different embodi- 
ments such as in a mixture of polyethylene glycols, adeps 

55 solidus and sodium lauryl sulfate in a soluble, basic amino 
acid to yield a formulation designed for administration in the 
rectum as taught by U.S. Pat. No. 5,219,870 to Kim. 

U.S. Pal. No. 5,395323 to Berglund ('323) discloses a 
device for mixing a pharmaceutical from a solid supply into 

60 a parenteraUy acceptable liquid form for parenteral admin- 
istration to a patient. The '323 patent teaches the use of an 
omeprazole tablet which is placed in the device and dis- 
solved by normal saline, and infused parenterally into the 
patient. This device and method of parenteral infusion of 

65 omeprazole does not provide the omeprazole solution as an 
enteral product, nor is this omeprazole solution directly 
administered to the diseased or affected areas, namely the 
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Stomach and upper gastrointestinal tract, nor docs this ome- Landahl et ai.. Pharmacokinetics Study of Omeprazole in 

prazole formulation provide the immediate antacid effect of Elderly Healthy Volunteers, QJN. PHARMACOKINET- 

ihe present formulation. ICS 23 (6): 469-476 (1992) teaches the use of an oral dose 

U.S. Pat. No. 4.786,505 to Lovgren et al. discloses a of 40 mg of omeprazole dissolved in PEG 400, sodium 

pharmaceutical preparation containing omeprazole together 5 bicarbonate and water. This reference does not disclose the 

with an alkaline reacting compound or an alkaline salt of final concentrations utilized. Again, this reference teaches 

omeprazole optionaUy together with an alkaline compound multiple administration of sodium bicarbonate (8 

as a core material in a tablet formulation. The core is then mmol/L and 16 mmol/L) after the omeprazole sohiiion. 

entericaDy coated. The use of the alkaline material, which Andersson et al.. Pharmacokinetics o/["C] Omeprazole 

can be chosen from such substances as the sodium salt of lO in Patients with Liver Cirrhosis, CLIN. PHARMACOKI- 

carbonic acid, are used to form a "micro-pH" around each NETICS 24(1): 71-78 (1993) discloses the oral administra- 

omeprazole particle to protect the omeprazole which is tion of 40 mg of omeprazole, which was dissolved in PEG 

highly sensitive to acid pH. The powder mixture is then 400, water and sodium bicarbonate. This reference does not 

formulated into enteric-coated small beads, pellets, tablets teach the final concentration of the omeprazole solution 

and may be loaded into capsules by conventional pharma- administered, although it emphasizes the need for pre, 

ceutical procedures. This formulation of omeprazole does concomitant and post sodium bicarbonate dosing with a total 

not teach a non -enteric-coated omeprazole dosage form of 48 m moles to prevent acid degradation of the drug, 

which can be enlerally administered to a patient who may be Nakagawa, et al., Lansoprazole: Phase I Study cf lanso- 

unable and/or unwilling to swallow capsules, tablets or prazole {AG'll49)AntiMker Agent J. CU^.THERAPEXJ- 

pellets, nor docs it teach a convenient form which can be 20 jjcs & MED.(1991) teaches the oral administration of 30 

used to make an omeprazole or other proton pump inhibitor mg of lansoprazole siispended in 100 ml of sodiim:i 

solution or suspension. bicarbonate, which was administered to patients through a 

Several buffered omeprazole oral solutions/suspensions nasogastric tube, 

have been disclosed. For example, Pilbrant et al.. Develop- All of the buffered omeprazole solutions described in 

meni cf an Oral Formulation of Omeprazole, SCAND. J. ^ these references were administered orally, and were given to 

GASTROENT. 20(Suppl. 108): 113-120 (1985) teaches a healthy subjects who were able to ingest the oral dose. In all 

suspension of micronized omeprazole, 60 mg, in 50 ml of of these studies, omeprazole was suspended in a solution 

water also containing 8 mmoles of sodium bicarbonate. The including sodium bicarbonate^ as a pH buffer, in order to 

suspension was administered as follows: After fasting for at protect the acid sensitive omeprazole during administradon. 

least 10 hours, patients were given a solution of 8 mmoles ^ In all of these studies, repeated administration of sodium 

of sodium bicaibonate in 50 ml of water. Five minutes later bicarbonate both prior to, during, and following omeprazole 

the patients took the omeprazole suspension and rinsed it administration were required in order to prevent add deg- 

down with another 50 ml of sodium bicarbonate solution. radation of the omeprazole given via the oral route of 

Ten (10), 20 and 30 minutes later, a further 50 ml of sodium administration. In the above-cited smdies, as much as 48 

bicarbonate solution was administered. mmoles of sodium bicarbonate in 300 ml of water must be 

Andersson et cL, Pharmacokinetics of Various Single ingested for a single dose of omeprazole to be oraUy 

Intravenous and Oral Doses of Omeprazole, EUR J. CUN. administered. 

PHARMACOL. 39:195-197 (1990) discloses 10 mg, 40 The buffered omeprazole solutions of the above cited 

mg, and 90 mg of oral omeprazole dissolved in PEG 400, ^ prior art require the ingestion of large amounts of sodium 

sodium bicarbonate and water. The concentration of ome- bicarbonate and large volumes of water by repeated admin- 

prazole cannot be determined, as volumes of diluent are not istration. This has been considered necessary to prevent acid 

disclosed. Nevertheless, it is apparent from this reference degradation of the omeprazole. In the above-cited studies, 

that multiple doses of sodium bicartx}nate were administered basically healthy volunteers, rather than sick patients, were 

with and after the omeprazole suspension. given dilute buffered omeprazole utilizing pre -dosing and 

Andersson et &U Pharmacokinetics and Bioavailability of post-dosing with large volumes of sodium bicarbonate. 

Omeprazole After Single and Repeated Oral Administration The administration of large amounts of sodium bicarbon- 

in Healthy Subjects, BR. J. CLIN. PHARMAC. 29:557-63 ate can produce at least six significant adverse effects, which 

(1990) teaches the oral use of 20 mg of omeprazole, which can dramatically reduce the efficacy of the omeprazole in 

was dissolved in 20 g of PEG 400 (sp. gravity-1.14) and so patients and reduce the overall health of the patients. First, 

diluted with 50 ml of water containing 8 mmoles of sodium the fluid volumes of these dosing protocols would not be 

bicarbonate. In order to protect the omeprazole from gastric suitable for sick or critically ill patients who must receive 

acid, the buffered solution was given with 48 mmoles of multiple doses of omeprazole, llie large volumes would 

sodium bicarbonate in 300 ml of water. result in the distention of the stomach and increase the 

Regardh et al., The Pharmacokinetics of Omeprazole in 55 likelihood of complications in critically ill patients such as 

Humans^ Study of Single Intravenous and Oral Doses, aspiration of gasinc contents. 

THER. DRUG MON. 12:163-72 (1990) discloses an oral Second, because bicarbonate is usually neutralized in the 

dose of omeprazole at a concentration 0.4 mg/ml after the stomach or is absorbed, such that belching results, patients 

dmg was dissolved in PEG 400, water and sodium bicar- with gastroesophageal reflux may exacerbate or worsen their 

bonale (8 mmoles). A solution containing 16 mmoles of 60 reflux disease as the belching can cause upward movement 

sodium bicarbonate in 100 ml of water was concomitantly of stomach acid (BniQion, Agents for the Control of Gastric 

given with the omeprazole solution. That dose was followed Acidity and Treatment of Peptic Ulcers, IN, Goodman AG, 

by a solution of 50 ml of 0.16 mol/L sodium bicarbonate that et al. The Pharmacologic Basis of Therapeutics. (New York, 

was used for rinsing the vessel. In both the IV and oral p. 907 (1990)). 

experiment, 50 ml of 0.16 mol/L sodium bicarbonate was 65 Third, patients with conditions such as hypertension or 

administered 5 minutes before administration, and 10, 20 heart failure are standardly advised to avoid the intake of 

and 30 minutes post -dose. excessive sodium as it can cause aggravation or exacerba- 
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lion of Ibcir hypertensive condiiions (Brunlon, supra). The for the irealmeni of the aforemenlioned conditions without 
ingeslionof laige amounts of sodium bicarbonate is inoon- the adverse effect profile of receptor antagonists, 
sistent with this advice. antacids, and suaalfate. Further, it would be desirable to 

Fourth, patients with numerous conditions that typically have a proton pump inhibitor formulation which is conve- 
accompany critical illness should avoid the intake of exces- 5 nient to prepare and administer to patients unable to ingest 
sive sodium bicarbonate as it can cause metabolic alkalosis solid dosage forms such as ublets or capsules, which is 
that can result in a serious worsening of the patient's rapidly absorbed, and can be orally or cnterally delivered as 
condition. a liquid form or solid form. It is desirable that the liquid 

Fifth, excessive antacid intake (such as sodium formulation not clog indwelling tubes, such as nasogastric 
bicarbonate) can result io drug interactions that produce jq tubes or other similar tubes, and which acts as an antacid 
serious adverse effects. For example, by altering gastric and immediately upon delivery. 

urinary pH, antacids can alter rates of dmg dissolution and u would further be advantageous to have a potentiator or 
absorpuon. bioavailabibty, and renal elimination (Brunton. enhancer of the pharmacological activity of the proton pump 
supra). inhibitors. It has been theorized by applicant that the proton 

Sixth, because the buffered omeprazole solutions of the pump inhibitors can only exert their effects on H*, 
prior art require prolonged administration of sodium K*-ArPase when the parietal cells are active. Accordingly, 
bicarbonate, it makes it difficult for patients to comply with applicant has identified, as discussed below, parietal cell 
the regimens of the prior art. For example, Pilbrant et al. activators that are administered to syncrgistically enhance 
disclose an oral omeprazole administration protocol calling the activity of the proton pump inhibitors, 
for the administration to a subject who has been fasting for ^ Additionally, the intravenous dosage forms of proton 
at least ten hours a soluuon of 8 mmoles of sodium pump inhibitors of the prior art are often administered in 
bicarbonate m 50 ml of water. Five minutes later, the subject larger doses than the oral forms. For example, the typical 
mgests a suspension of 60 mg of omeprazole in 50 ml of adult IV dose of omeprazole is greater than 100 mg/day 
wter that also contains 8 mmoles of sodium bicarbonate. whereas the adult oral dose is 20 to. 40 mg/day. Large IV 
This IS rinsed down with aiK>ther 50 ml of 8 mmoles sodium 25 doses arc necessary to achieve the desired pharmacologic 
bicarbonate solution. Ten mmiitcs after the ingestion of the effect because, it is believed, many of the parietal cells are 
orneprazole dose the subject ingests 50 ml of bicarbonate a resting phase (mostly inactive) during an IV dose given 
solution (8 mmoles). This is repealed at twenty minutes and lo patients who are not taking oral substances by mouth 
thirty mmules post om^razole d(»ing lo yield a total of 48 (^po) and, therefore, there is little active (that which is 
mmoles of sodium bicarbonate and 300 ml of water in total 30 insened into the secretory canalicular membrane) H*, 
that are mgested by the subject for a single omeprazole dose. K^-ATPase to inhibit. Because of the clear dia)arity in the 
Not only does this regimen require the ingestion of exces- amount of drug necessary for IV versus oral doses, it would 
sivc amounts of bicarbonate and water, which is likely lo be be very advantageous to have compositions and methods for 
dangerous to some patients, it is unlikely that even healthy iv administration where significantly less dmg is required, 
patients would comply with this regimen. 

It is weU documented thai patients who are required to SUMMARY OF THE INVENTION AND 

follow complex schedules for drug administration are non- ADVANTAGES 
compliant and, thus, the efficacy of the buffered omeprazole foregoing advantages &v6 objects are accomplished 

solutions of the prior art would be expected lo be reduced by the present invention. The present invention provides an 
due lo non-compliance. Compliance has been found lo be 40 ^^^^ solution/suspension comprising a proton pump inhibit- 
markedly reduced when patients are required to deviate from iog agent and at least one buffering agent. The proton pump 
a schedule of one or two (usually morning and night) doses inhibiting agent can be any substituted benzimidazole com- 
of a medication per day. The use of the prior art buffered pound having H*, K*-ArPase inhibiting activity and being 
omeprazole solutions which require administration proto- unstable lo acid. 

cols with numerous steps, different drugs (sodium 45 The inventive composition can alternatively be fdrmu- 
bicarbonale+omeprazole+PEG 400 versus sodium bicarbon- laled as a powder, tablet, suspension tablet, chewable tablet, 
ate alone), and specific lime allotments between each stage capsule, two-part tablet or capsule, effervescent powder, 
of the total omeprazole regimen in order to achieve effica- effervescent tablet, pellets and granules. Such dosage forms 
cious results is clearly in contrast with both current drug are advantageously devoid of any enteric coating or delayed 
compliance theories and human nature. 5Q or sustained -release delivery mechanisms, and comprise a 

The prior an (Pilbrant el ah, 1985) teaches that the proton pump inhibiting agent and at least one buffering agent 
buffered omeprazole suspension can be stored at refrigerator protect the proton pump inhibiting agent against acid 

temperamres for a week and deep frozen for a year while degradation. Both the liquid and dry dosage forms can 
still maintaining 99% of its initial potency. It would be further include anti-foaming agents, parietal cell activators 
desirable to have an omeprazole or other proton pump 55 flavoring agents. 

inhibitor solution or suspension that could be stored al room In another embodiment, oral dosage forms are disclosed 
temperamre or in a refrigerator for periods of lime which comprising a combination of enteric-coated or delayed- 
exceed those of the prior art while still maintaining 99% of released proton pump inhibiting agent with an antacid(s). 
the initial potency. Additionally, it would be advantageous to Such forms may optionally comprise a non-enteric-coaied 
have a form of the omeprazole and bicarbonate which can be eo proton pump inhibiting agent, 

utilized to instantly make the omeprazole solution/ Kits utilizing the inventive dry dosage forms are also 

suspension of the present invention which is supplied in a disclosed herein to provide for the easy preparation of a 
solid form which imparts the advantages of improved shelf- liquid composition from the dry forms, 
life at room temperature, lower cost to produce, less expen- In accordance with the present invention, there is further 
sive shippmg costs, and which is less expensive to store. 65 provided a method of treating gastric acid disorders by 
It would, therefore, be desirable to have a proton pump orally administering to a patient a pharmaceutical 
inhibitor formulation, which provides a cost-effective means composiiion(s) and/or dosage form(s) disclosed herein. 
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Additionally, the present invention relates to a method for scnim of a subject. The method comprises administering to 
enhancing the pharmacological activity of an intravenously the subject a solid pharmaceutical composition comprising a 
administered proton pump inhibiting agent in which at least proton pump inhibiting agent and a buffering agent for oral 
one parietal cell activator is orally administered to the administration and ingestion by the subject. Upon adminis- 
palicnt before, during and/or after the intravenous adminis- 5 u-ation the composition contacts the gastric fluid of the 
tration of the proton punap inhibiting agent. stomach and thereby increases the absorption of the proton 

Finally, the present invention relates to a method for pump inhibiting agent into the blood serum greater than the 
optimizing the type and amount of buffer desirable for absorption of the proton pump inhibiting agent in the 
individual proton pump inhibiting agents. absence of the buffering agent. The amount of buffering 

10 agent present in the composition is sufficient to increase the 
BRIEF DESCRIPTION OF THE DRAWINGS gastric fluid pH of the stomach to a pH that prevents or 

Other advantages of the present invention wiU be readily 'f^ '^^'ffu'' P/°^°° P^°JP inhibiting agent 

appreciated as the same becomes better understood by ^^e gastnc fluid of the stomach, and to aUow a measurable 

reference to the foUowing detailed description when con- , f '^l^'T'Tl k,^ T P™P "^^^^'^'^g 

««««-«*,*^« «S*u .u • J 15 be absorbed mto the blood serum of the subiect. The 

sidered in connection with the accompanying drawmc . ^ ^-^'j*^*- 

wherein- ^ & e concenu-aiion of the proton pump mhibitmg agent can be 

^ ^ , determined using pharmacokinetic testing procedures 

FIG. 1 is a graph showmg the effect of the omeprazole known to those skilled in the art 

solution of the present invention on gastrkpH inpatient jhe present invention also provides for a method of 

nsk for upper gastrointesunalbleedmg from stress-related 20 treating a gastrointestinal disorder in a subject in need 

mucosal damage; thereof, by oraDy administering to the subject a solid phar- 

FIG. 2 is a flow chart illustrating a patient enrollment maceutical composition comprising a proton pump inhibit - 

scheme; ing agent and a buffering agent. The buffering agent is in an 

FTG. 3 is a bar graph iUustrating gastric pH both pre- and amount sufficient to increase the pH of the stomach content 

post-administration of omeprazole solution according to the ^ of the subject to a pH that prevents or inhibits acid degra- 

present invention; dation of the proton pump inhibiting agent in the stomach 

FIG. 4 is a graph illustrating the stomach pH values after ^° ^'^^ absorption of the proton pump 

the oral administration of both ChocoBase plus lansoprazole inhibiting agent greater than the blood serum absorption of 

and lansoprazole alone* proton pump inhibiting agent in the absence of the 

FIG. 5 is a graph iUustrating a pH probe confirmation of I'^l'^l'^Tr^K'" ^'"P^^'li^^ ^ administered orally 

gastroesophageal reflux disease; .^"^^i^.^f- ^ therapeutically effecUve amount of proton 

„^ ^ . ^ ^, . ^ ^ pump inhibiung agent IS thus absorbed mto the blood serum 

FIG. 6 IS a graph illustraUng an endoscopic confirmation of the subject, 

of gastroesophageal reflux disease; j-^^ invention also provides a method of treating 

FIG. 7 is a graph illustrating the percentage of patients 35 an acid related gastrointestinal disorder in a subject in need 

who had undergone any type of reflux therapy in the past; thereof, by orally administering to the subject a phannaceu- 

FIG. 8 is a graph illustrating the effectiveness of the tical composition in an oral dosage form for immediate 

Choco-Base Formiilation 1; and release into an absorption pool of the subject. In one 

FIG. 9 is a graph illustrating the environmental pH values embodiment of the present invention, the absorption pool is 

after administration of the proton pump inhibiting agent/ ^ highly acidic pH. The composition comprises a proton pump 

buffer formulation. inhibiting agent and a buffering agent. The buffering agent 

is in an amount sufficient to increase the pH of the absorp- 

DETAILED DESCRIPTION OF THE tion pool of the subject to a pH that prevents or inhibits acid 

INVENTION degradation of the proton pump inhibiting agent and to aDow 

I. Introduction 45 absorption of the protoii pump inhibiting agent from the 

The present invention is directed to methods, kits, absorption pool into blood serum of the subject greater than 

combinations, and compositions for treating, preventing or the absorption of the proton pump inhibiting agent in the 

reducing the risk of developing a gastrointestinal disorder or absence of the buffering agent when the composition is 

disease, or the symptoms associated with, or related to a administered orally to the subject. The amount of proton 

gasu-ointestinal disorder or disease in a subject in need 50 pimsp inhibiting agent is sufficient to achieve a measurable 

ihcreof. serum concentration of the proton pump inhibiting agent in 

While the present invention may be embodied in many the blood serum of the subject after oral administration of 

different forms, several specific embodiments are discussed the composition. 

herein with the understanding that the present disclosure is The present invention also provides a method of making 

to be considered only as an exemplification of the principles 55 a pharmaceutical coinposition for oral administration to a 

of the invention, and it is not intended to limit the invention subject and for immediate release of a proton pump inhib- 

to the embodiments iUusU^aled. For example, where the it ing agent and a buffering agent into an absorption pool of 

present invention is illusU-ated herein with particular refer- the subject. In one embodiment of the present invention the 

cnce to omeprazole, lansoprazole, panioprazole, absorption pool is highly acidic pH. The method comprises 

rabeprazole, esomeprazole, pariprazolc, or Icminoprazole, it 60 admixing the proton pump inhibiting agent and the buffering 

wiU be understood that any other proton pump inhibiting agent. The buffering agent is in an amount sufficient to 

agent, if desired, can be substituted in whole or in pan for increase the pH of the absorption pool of the subject to a pH 

omeprazole, lansoprazole, pantoprazole. rabeprazole, that prevents or inhibits acid degradation of the proton pump 

esomeprazole, pariprazole, or leminoprazole in the methods, inhibiting agent in the absorption pool and to allow absorp- 

kits, combinations, and compositions herein described. 65 tion of the proton pump inhibiting agent ftom the absorption 

The present invention provides a method of increasing pool into blood serum of the subject greater than the 

absorption of a proton pump inhibiting agent into the blood absorption of the proton pump inhibiting agent in the 
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abseocc of the buffering ageol when the composition is composition or as independent multiple pharmaceutical dos- 
administered orally to the subject. The amount of the proton age forms. Pharmaceutical compositions according to the 
pump inhibumg agent is sufficient to achieve a measurable present invention include those suitable for oral, rectal, 
serum concenlraUOD in the blood serum of the subject after buccal (for example, sublingual), or parenteral (for example, 
oral admimstrauon of the composition. 5 intravenous) administration, although the most suitable 

. Jo^?.'.ZSrreT P'"^"' ^^'^ i° depend on the nature and 

™ coSS o°f TJ^'^T *° ^^^^^^„Vi. v'"^''^^' ^^^"»y °f <=^°dition being ireaTed and on the nature of 

Tre^r^h^ra^^^^^^ = ifSsS ^"*^d T^^' V^""' 'T'' 
administration of the composition * ^^^'^^^ ' P^^^"' ^ 
In another embodiment of the present invention, the '° suspension ublet, a chcwable tablet, a capsule, an cffcrves- 
composition is administered to the subject in an amount to powder, an effervescent tablet, a pellet, or a granule, 
achieve a measurable serum concenu-ation of the proton 1° embodiment of the pr^nt invention, the compo- 
pump inhibiting agent greater than about 0.1 //g/ml from sitions comprise a dry formulation, or a solution and/or a 
about 15 minutes to about 6 hours after adminisu-alion of the suspension of the proton pump inhibiting agent. As used 
composition. 15 herein, the terms "suspension" and "solution" are inter- 
In yet another embodiment of the present invention, the changeable with each other and generally mean a solution 
composition is administered to the subject in an amount to and/or suspension of the substimted benzimidazole in an 
achieve a measurable serum concentration of the proton aqueous medium. Such dry formulations, solutions and/or 
pump inhibiting agent greater than about 0.15 f4g/m\ from suspensions may also include, for example, a suspending 
about 15 minutes to about 1.5 hours after administration of 20 agent (for example, gums, xanthans, cellulosics and sugars), 
the composition. a humeciani (for example, sorbitol), a solubilizer (for 
In stiU another embodiment of the present invention, the example, ethanol, water, PEG and propylene glycol), a 
composition is administered to the subject in an amount to surfactant (for example, sodium lauryl sulfate, Spans, 
achieve a measurable serum concentration of the proton TWeens, and cetyl pyridine), a preservative, an antioxidant 
pump inhibiting agent greater than about 0.2 /^g/ml within 25 (for example, parabens, and vitamins E and C), an anti- 
about 15 minutes after adminisu-aiion of the composition. caking agent, a coating agent, a chelating agent (for 
Besides being useful for human treaunent, the present example, EDTA), a stabalizer, an antimicrobial agent, an 
invention is also useful for veterinary treatment of compan- antifungal or antibacterial agent (for example, parabens, 
ion mammals, exotic animals and farm animals, including chlorobutanol, phenol, sorbic add), an isotonic agent (for 
mammals, rodents, and the like. In one embodiment, the 30 example, sugar, sodium chloride), a thickening agent (for 
mammal includes a horse, dog, or cat. example, methyl cellulose), a flavoring agent (for example, 
For the purposes of this application, the term "proton chocolate, thalmanlin, aspartame, root beer or watermelon 
pump inhibitor," or "PPl," or "proton pump inhibiting or other flavorings stable at pH 7 to 9), an anti-foaming agent 
agent" means any agent possessing pharmacological activity (e.g., simethicone, Mylicon®), a disinlegranl, a flow aid, a 
as an inhibitor of H*, K^-ATPase. A class of proton pump 35 lubricant, an adjuvant, ao excipient, a colorant, a diluent, a 
inhibiting agents useful in the methods, kits, combinations, moistening agent, a preservative, a pharmaceutically com- 
and compositions of the present invention includes subsli- patible carrier, or a parietal ceU activator, 
mted benzimidazole compounds possessing such pharma- In one embodiment, the present inveotion relates to a 
cological activity as an inhibitor of H*, K"*^-ArPase. In one pharmaceutical composition comprising a proton pump 
embodiment of the present invention, the proton pump 40 inhibiting agent, a buffering agent, and optionally a parietal 
inhibiting agent is acid sensitive. In another aspect of the cell activator. The proton pump inhibitor of the present 
invention, the substituted benzimidazole compound invention may or may not be enteric coated, or sustained or 
employed in the methods, kits, combinations, and compo- delayed-releasc depending on the context in which the 
sitions can include, for example, omeprazole, lansoprazole, proton pump inhibiting agent in utilized. In one embodiment 
pantoprazole, rabeprazole. esomcprazolc, pariprazole, or 45 of the present invention the proton pump inhibiting agent is 
leminoprazole. The definition of "PPl," or "proton pump not enteric coated, or sustained or delayed-release. In yet 
inhibitor," or "proton piunp inhibiting agent" as used herein another embodiment the proton pump inhibitor is enteric 
can also mean that the agent possessing pharmacological coated, or sustained or delayed -release. And in another 
activity as an inhibitor of H"^, K*-ATPase may. if desired, be embodiment the composition may contain both an enteric 
in the form of a salt, ester, amide, enantiomer, isomer, 50 coated proton pump inhibiting agent and a non-enteric 
tautomer, prodrug, derivative or the like, provided the salt, coated proton pump inhibiting agent. Such a composition is 
ester, amide, enantiomer, isomer, tautomer, prodrug, or contemplated where both an immediate release of the proton 
derivative is suitable pharmacologically, that is, effective in p^xmp inhibiting agent into the absorption pool is desired as 
the present methods, combinations, kits, and compositions. well as a delayed release of the proton pump inhibiting agent 
Substituted benzimidazole compounds and the salts, esters, 55 is desired providing an extended therapeutic effect, 
amides, cnantiomers, isomers, tautomers, prodrugs and In still another example, a pharmaceutical formulation is 
derivatives thereof may be prepared using standard proce- prepared by mixing enteric coated granules of a proton 
dures known to those skilled in the art of synthetic organic pimip inhibiting agent with one or more buffering agents 
chemistry and described, for example, by J. March, (e.g., omeprazole 20 mg granules plus 500 mg sodium 
Advanced Organic Chendsiry; Reactions, Mecham:sms and 60 bicarbonate and 500 mg calcium caitwnale) in a solid 
Structure, 4th Ed. (New York: Wiley -Inlerscience, 1992). dosage form. Upon oral administration, the buffering agents 
As explained further herein, the proton pump inhibiting elevate the gastric pH such that all or part of the enteric 
agentsgenerallyinhibitATPaseinthesame way. Differences coating is dissolved in the gastric fluid (rather than, for 
in onset and relative potencies are largely due to differences example, in the higher pH environment of the duodenum), 
in the acid instability of the parent compounds. 65 and the omeprazole is available for immediate release in the 
In one embodiment, the therapeutic agents of the present gastric fluid for absorption into the bloodstream. Many 
invention can be formulated as a single pharmaceutical variations in this type of formulation (i.e., higher or lower 
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amounts of inhibiting agcni and/or bufifering agent) may be of the proton pump inhibiting agent by gastric acid sufBcieni 

utilized in the present invention. to preserve the bioavailability of the proton pump inhibiting 

After administration to the subject and absorption of the agent administered, and preserve the ability of the proton 

proton pump inhibiting ageot (or administration pump inhibiting agent to elicit a therapeutic effect, 

intravenously), the agent is delivered via the blood serum to 5 Therefore, the buffering agent of the present invention, when 

various ti^ues and cells of the body including the parieul in the presence of the biological fluids of the stomach, must 

cells. Not intending to be bound by any one theory, research only elevate the pH of these biological fluids suflBcienUy to 

suggests that when the proton pump inhibiting agent is in the achieve adequate bioavailability of the drug to effect thera- 

form of a weak base and is non-ionized, it freely passes peutic action. 

through physiologic membranes, including the ceUular lo In one embodiment, the buffering agent is present in the 

membranes of the parietal cell. It is believed that the methods, kits, combinations, and compositions of the 

non-ionized proton pump inhibiting agent moves into the present invention in an amount of about 0.05 mEq to about 

acid-secreling portion of the parietal cell, the secretory 5,0 mEq per mg of proton pump inhibiting agent. In another 

canaliculus. Once in the acidic milieu of the secretory embodiment of the present invention the buffering agent is 

canaliculus, the proton punjp inhibiting agent is apparently 35 present in an amount of about 0.1 mEq to about 2.5 mEq per 

protonatcd (ionized) and converted to the active form of the mg of proton pump inhibiting agent. In yet another embodi- 

drug. Generally, ionized proton pump inhibiting agents are ment of the present invention the buffering agent is present 

membrane impenneable and form disulfide covalent bonds in an amount of at least 10 mEq. In yet another embodiment 

with cysteine residues in the alpha subunit of the proton of the present invention the buffering agent is present in an 

pump. Such active forms are included within the definition 20 amount of about 10 mEq to about 70 mEq. In stiU another 

of "PPI," "protoii pump inhibitor," or "proton pump inhib- embodiment, the buffering agent is present in an amount of 

iting agenr herein. about 20 mEq to about 40 mEq. And in yet another embodi- 

Hie proton pump inhibiting agent is administered and ment of the present invention, the amount of the buffering 

dosed in accordance with good medical practice, taking into agent is present in an amoxmt more than about 20 times the 

account the clinical condition of the individual patient, the 25 amount of the proton pump inhibiting agent on a weight lo 

site and method of administration, scheduling of weight basis in the composition. 

administration, and other factors known to medical practi- In one embodiment of the present invention, the buffering 
tioners. agent is sodium bicarbonate and is present in the methods. 
For the purposes of this application, the term "buffering kits, combinations and compositions in an amount of at least 
agent" or "buffer" means any phannaceuticaUy appropriate 30 250 mg. In another embodiment, the sodium bicarbonate is 
weak base or strong base (and mixtures thereof) that, when present in an amount of at least 800 mg. In yet another 
formulated or delivered with (e.g., before, during and/or embodiment, the sodium bicarbonate is present in an amount 
after) the proton pump inhibiting agent, functions to sub- from about 250 mg to about 4000 mg. And in still another 
suntially prevent or inhibit the acid degradation of the embodiment, the sodium bicarbonate is present in an amount 
proton pump inhibiting agent by gastric acid suflBcient to 35 from about 1000 mg to about 1680 mg. 
preserve the bioavailability of the proton pump inhibiting In one embodiment of the present invention, the buffering 
agent administered. A buffering agent useftil in the methods, agent is calcium carbonate and is present in the methods, 
kits, combinations, and compositions of the present inven- kits, combinations and compositions in an amount of at least 
tion include a bicarbonate salt of Group lA metal, such as, 250 mg. In another embodiment, the calcium carbonate is 
for example, magncsiima hydroxide, magnesium lactate, 40 present in an amount of at least 800 mg. In yet another 
magnesium gluconate, magnesium oxide, magnesium embodiment, the calcium carbonate is present in an amount 
carbonate, or magnesium silicate. Other buffering agents from about 250 mg to about 4000 mg. And in still another 
include, but are not limited to, potassium bicarbonate, mag- embodiment, the calcium carbonate is present in an amount 
nesium hydroxide, magnesium lactate, magnesium from about 500 mg to about 1000 mg. 
gluconate, other magnesium salts, aluminum hydroxide, 45 The term "effective amount" means, consistent with con- 
aluminum hydroxide/sodium bicarbonate coprecipitate, a siderations known in the art. the amount of proton pump 
mixture of an amino acid and a buffer, a mixture of alumi- inhibiting agent or other agent effective lo elicit a pharma- 
num glycinale and a buffer, a mixture of an acid salt of an cologic effect or therapeutic effect (including, but not limited 
amino acid and a buffer, and a mixture of an alkali salt of an to, raising of gastric pH, reducing gastrointestinal bleeding, 
amino acid and a buffer. Other buffering agents that may be 50 reducing in the need for blood transfusion, improving sur- 
used in the methods, kits, combinations, and compositions vival rate, more rapid recovery, parietal cell activation and 
of the present invention include, but are not limited to, H*, K*-ATPase inhibition or improvement or elimination of 
sodium citrate, sodium tartarate, sodium acetate, sodium symptoms, and other indicators as are selected as appropri- 
carbonate, sodium polyphosphate, potassium ate measures by those skilled in the art), without undue 
polyphosphate, sodium pyrophosphate, potassium 55 adverse side effects, 

pyrophosphate, disodiuna bydrogenphosphaie, dipotassium The term "measurable serum concentration'* means the 

hydrogenphosphate, trisodium phosphate, iripolassium serum concentration (typicaUy measured in mg, jUg, or ng of 

phosphate, sodium acetate, potassium metaphosphate. mag- therapeutic agent per ml. dl, or 1 of blood serum) of a 

nesium oxide, inagnesium hydroxide, magnesium therapeutic agent absorbed into the bloodstream after admin - 

carbonate, magnesium silicate, caldum acetate, calcium 60 islraiion. Illustratively, the scrum concentration of a proton 

glycerophosphate, calcium cholride, calcium hydroxide, cal- pump inhibiting agent of the present invention that corre- 

cium lactate, calcium carbonate, calcium bicarbonate, and sponds to a measurable semm concentration for an adult 

other calcium salts. Mixtures of any of the foregoing can subject is greater than about 5 ng/ml. In another embodiment 

also be used in the methods, kits, combinations, and com- of the present invention, the serum concentration of the 

positions of the present invention. 65 proton pump inhibiting agent that corresponds to a measur- 

The buffering agent is administered in an amount sufiB- able serum concentration for an adult human is less than 

cienl to substantially prevent or inhibit the acid degradation about 10.0 yig/ml. In yet another embodiment of the present 
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invenlion, the serum concenlralion of ibe proton pump once -a -day or twice-a-day administration if desired. In one 
inhibiting agent that corresponds to a measurable serum embodiment of the present invention, the composition is 
concentration for an adult human is from about 0.01 ^ml administered at a dose suitable to provide an average blood 
to about 5 /ig/ml. And in still another embodiment of the scnmi concentration of a proton pump inhibiting agent of at 
present invention, the serum concentration of the proton 5 least about 1.0 /^/ml in a subject about 10, 20, 30, or 40 
pump inhibiting agent that corresponds to a measurable minutes after administration of the composition to the sub- 
serum concentration for an adult human is from about 0.25 jecl. 

/ig/ml to about 25 //g/ml. The amount of therapeutic agent necessary to elidt a 

In one embodiment of the present invention, the compo- therapeutic effect can be experimentally determined based 
silion is administered lo a subject in a therapeutically, lo on, for example, the absorption rate of the agent into the 
effective amount, that is, the composition is administered in blood senmi, the bioavailability of the agent, and the amount 
an amount that achieves a therapeuiically-effective dose of of protein binding of the agent. It is understood, however, 
a proton pump inhibiting agent in the blood serum of a that specific dose levels of the therapeutic agents of the 
subject for a period of time to elicit a desired therapeutic present invention for any particular patient depends upon a 
effect. Illustratively, in a fasting adult human (fasting for :5 variety of factors including the activity of the specific 
generally at least 10 hours) the composition is administered compound employed, the age, body weight, general health, 
to achieve a therapeutically-cffeciive dose of a proton pump sex, and diet of the subject (including, for example, whether 
inhibiting agent in the blood serum of a subject from about the subject is in a fasting or fed sutc), the lime of A 
5 minutes after administration of the composition. In another administration, the rate of excretion, the drug combination, 
embodiment of the present invention, a therapeutically- 20 and the severity of the particular disorder being treated and 
effective dose of the proton pump inhibiting agent is form of administration. Treatment dosages generally may be 
achieved in the blood serum of a subject at about 10 minutes titrated to optimize safety and eflBcacy. Typically, dosage- 
from the time of administration of the composition to the effect relationships from in vitro and/or in vivo tests initially 
subject. In another embodiment of the present invention, a can provide useful guidance on the proper doses for subject 
therapeutically-effective dose of the proton pump inhibiting 25 administration. Studies in animal models generally may be 
agent is achieved in the blood serum of a subject at about 20 used for guidance regarding effective dosages for treatment 
minutes from the time of adminisu-ation of the composition of gastrointestinal disorders or diseases in accordance with 
to the subject. In yet another embodiment of the present the present invention. In terms of treatment protocols, it 
invention, a iherapeutically-effectivc dose of the proton should be appreciated that the dosage to be administered will 
pump inhibiting agent is achieved in the blood serum of a 30 depend on several factors, including the particular agent that 
subject at about 30 minutes from the time of administration is administered, the route administered, the condition of the 
of the composition to the subject. In still another embodi- particular subject, etc. Generally speakiiig, one will desire to 
ment of the present invention, a therapeuticaDy-effective administer an amount of the compound that is effective to 
dose of the proton pump inhibiting agent is achieved in the achieve a serum level commensurate with the concentrations 
blood serum of a subject at about 40 minutes from the time 35 found to be effective in vitro for a period of time effective 
of administration of the composition lo the subject. In one to elicit a therapeutic effea. Thus, where a compound is 
embodiment of the present invention, a therapeutically- found lo demonstrate in vitro aaivity at, for example, 10 
effective dose of the proton pump inhibiting agent is ng/ml, one will desire to administer an amoimt of the drug 
achieved in the blood serum of a subject at about 20 minutes that is effective to provide at least about a 10 ng/ml con- 
to about 12 hours from the time of administration of the 40 cenu-ation in vivo for a period of lime that elicits a desired 
composition to the subject. In another embodiment of the therapeutic effect, for example, raising of gastric pH, reduc- 
present invention, a iherapeuticaJly-effective dose of the ing gasu-ointestinal bleeding, reducing the need for blood 
proton pump inhibiting agent is achieved in the blood serum transfusion, improving suj^ival rate, more rapid recovery, 
of a subject at about 20 minutes lo about 6 hours from the parietal cell activation and H*, K^-ATPasc inhibition or 
time of administration of the composition to the subject. In 45 improvement or elimination of symptoms, and other indi- 
yet another embodiment of the present invention, a cators as are selected as appropriate measures by those 
therapeuticaUy-effective dose of the proton pump inhibiting skilled in the art. Determination of these parameters is well 
agent is achieved in the blood serum of a subject at about 20 within the skiU of the art. These considerations arc well 
minutes to about 2 hours from the time of administration of known in the art and are described in standard textbooks, 
the composition to the subject. In still another embodiment 50 In order to measure and determine the gastrointestinal 
of the present invention, a therapeutically-effective dose of disorder- or disease^ffective amount of a proton pump 
the proton pump inhibiting agent is achieved in the blood inhibiting agent to be delivered to a subject, serum proton 
senmi of a subject at about 40 minutes to about 2 hours from pump inhibiting agent concentrations can be measured using 
the time of administration of the composition to the subject. standard assay techniques. 

And in yet another embodiment of the present invention, a 55 "Therapeutic window" refers to the range of plasma 
therapeutically-effective dose of the proton pump inhibiting concentrations, or the range of levels of therapeuticaUy 
agent is achieved in the blood serum of a subject at about 40 active substance at the site of action, with a high probability 
minutes to about 1 hour from the time of administration of of eliciting a therapeutic effect. 

the composition to the subject. It will be understood that a therapeutically effective 

In general, a composition of the present invention is 60 amount of a proton pump inhibiting agent and/or a buffering 
administered at a dose suitable to provide an average blood agent that is administered to a subject is dependent inter alia 
serum concentration of a proton pump inhibiting agent of at on the body weight of the subject. lilustralively, where the 
least about l.O^g/ml in a subject over a period of about 1 agent is a substituted benzimidazole such as, for example, 
hour after administration. Contemplated compositions of the omeprazole, lansoprazole, panloprazolc, rabeprazole, 
present invention provide a therapeutic effect as proton 65 esomeprazole, pariprazole, or leminoprazole, and the subject 
pump inhibiting agent medications over an interval of about is a child or a small animal (e.g., a dog), for example, a 
5 minutes to about 24 hours after administration, enabling relatively low amount of the agent in the dose range of about 
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1 mg to about 20 mg is likely to provide blood serum As discussed herein, immediate and nonimmediate release 
concentrations consistent with therapeutic effectiveness. (or controlled release) can be defined kinetically by refer- 
Where the subject is an adult human or a large animal (e.g., ence to the following equation: 
a horse), achievement of such blood serum concentrations of 

the agent are likely to require dose units containing a 5 Dosage ^ ^ AbsoT)uon ^ ^ 
relatively greater amoxmt of the agent. For example, in an Poo' absorption 

adult human the methods, kits, combinations, and compo- 

sitions of the present invention comprise a proton pump Tiig^t 



inhibiting agent, for example, omeprazole, lansoprazole, elumiuuon 

pantoprazole, rabeprazole, esomeprazole, pariprazole, or lO 

leminoprazole, in a dosage amount of about 5 mg to about The absorption pool represents a solution of the drug 
1000 mg, or of about 15 mg to about 300 mg, or of about administered at a particular absorption site, and K„, and 
10 mg to about 100 mg, or of about 15 mg to about 80 mg. are first-order rate constants for (1) release of the drug 

The solid compositions of the present invention arc gen- from the formulation, (2) absorption, and (3) elimination, 

erally in the form of discrete unit dose articles, such as in a 15 respectively. For immediate release dosage forms, the rate 
tablet, powder, suspension tablet, chewable tablet, capsule, constant for drug release is generally equal to or greater 
effervescent powder, effervescent tablet, pellet, or granule. than the absorption rate constant K^. For controlled release 
Such unit dose articles typically contain about 1 mg to about formulations, the opposite is generally true, i.e., «K„, 
1000 mg of the proton pump inhibiting agent, or about 5 mg such thai the rate of release of drug from the dosage form is 

to about 300 mg, or about 10 mg to about 100 mg, or about 20 the rate-limiting step in the delivery of the drug to the target 
15 mg to about 80 mg. Illustratively, these unit dose articles area. The term "controlled release'* includes any nonimme- 
may contain a 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, diate release formulation, including but not limited to enteric 
40 mg, 50 mg, 60 mg, 75 mg, 80 mg, or 100 mg dose of a coated formulations and sustained release, delayed release 
proton pump inhibiting agent. In one embodiment, the aiKl pulsatile release formulations. The term "sustained 

buffering agent is present in compositions of the present 25 release" is used in its conventional sense to refer to a drug 
invention in an amoimt of about 0.05 mEq to about 5.0 m£q formulation that provides for gradual release of a drug over 
per mg of proton pump inhibiting agent, or about 0.1 mEq an extended period of time, and, may sometimes, although 
to about 2.5 m£q per mg of proton pump inhibiting agent, not necessarily, result in substantially constant blood levels 
or about 0.5 m£q to about 1.0 m£q per mg of proton pump of a drug over an extended time period, 

inhibiting agent. Such dosage units may be given at least 30 "Plasma concentration" refers to the concentration of a 
once or twice a day, or as many times as needed to elicit a substance in blood plasma or blood senun. 
therapeutic response. A particular unit dosage form can be "Drug absorption" or "absorption" refers to the process of 
selected to accommodate the desired frequency of adminis- movement from the site of administration of a drug toward 
tration used to achieve a specified daily dosage. the systemic circulation. 

A pharmaceutical formulation of the proton pump inhib- 35 "Bioavafl ability" refers to the extent to which an active 
iting agents utilized in the present invention can be admin- moiety (drug or metabolite) , is absorbed into the general 
istered oraUy or enterally to the subject. This can be circulation and becomes available at the site of drug action 
accomplished, for example, by administering the solution in the body. 

via a nasogastric (ng) tube or other indwelling lubes placed "Drug elimination" or "elimination" refers to the sima of 

in the GI tract. In one embodiment of the present invention, 40 the processes of drug loss from the body, 
in order to avoid the critical disadvantages associated with "Metabolism" refers to the process of chemical alteration 

administering large amounts of sodium bicarbonate, the of drugs in the body. 

proton pump inhibiting agent solution of the present inven- "Pharmacodynamics" refers to the factors which deter- 
tion is administered in a single dose which does not require mine the biologic response observed relative to the conoen- 

any further administration of bicarbonate, or other buffer 45 tration of drug at a site of action. 

following the administration of the proton pump inhibiting "Pharmacokinetics" refers to the factors which determine 
agent solution, nor does it require a large amount of bicar- the attainment and maintenance of the appropriate concen- 
bonate or buffer in total. That is, unlike the prior art proton U-ation of drug at a site of action. 

pump inhibiting agent solutions and administration proto- "Half-life" refers to the time required for the plasma drug 

cols outlined above, the formulation of the present invention 50 concentration or the amount in the body to decrease by 50% 
is given m a single dose, which does not require adminis- from its maximum concentration. 

trationof bicarbonate either before or after administration of The use of the term "highly acidic pH" in the present 
the proton pump inhibiting agent. The present invention disclosure means a pH in the range of about 1 to 4. The use 
eliminates the need to pre-or post-dose with additional of the term "less acidic to basic pH" in the present disclosure 

volumes of water and sodium bicarbonate. The amouint of 55 means a pH greater than about 4 up to approximately about 
bicarbonate administered via the single dose administration 8.0. 

of the present invention is less than the amouint of bicar- The use of the term "about" in the present disclosure 
bonate administered as taught in the prior art references means "approximately," and illustratively, the use of the 
cited above. term "about" indicates that dosages slightly outside the cited 

Thi term "immediate release" is intended to refer to any 60 ranges may also be effective and safe, and such dosages are 
proton pump inhibiting agent containing formulation in also encompassed by the scope of the present claims, 
which release of the proton pump inhibiting agent is The phrase "pharmaceutically acceptable" is used adjec- 
immediate, i.e., with an "immediate release" formulation, tivaUy herein to mean that the modified noun is appropriate 
oral administration results in immediate release of the proton for use in a pharmaceutical product. Pharmaceutically 

pump inhibiting agent into an absorption pool. See also, 65 acceptable cations include metallic ions and organic ions. 
Remington: The Science and Practice of Pharmacy, Nine- More preferred metallic ions include, but are not limited, to 
teenth Ed. (Easton. Pa.: Mack Publishing Company, 1995). appropriate alkali metal salts, alkaline earth metal salts and 



• 
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other physiological acceptable metal ions. Exemplary ions 
include aluminum, calcium, lithium, magnesium, potassium, 
sodium and zinc in their usual valences. Preferred organic 
ions include protonated tertiary amines and quaternary 
ammonium cations, including in part, trimethylamine, s 
diethylamine, N.N'-dibenzylcthylenediamine, 
chloroprocaine, choline, diethanolamine, etbylenedi amine, 
meglumine (N-methylglucamine) and procaine. Exemplary 
pbarmaceutically acceptable acids include without limita- 
tion hydrochloric acid, hydrobromic acid, phosphoric acid, lo 
sulfuric acid, methanesulfonic acid, acetic add, formic acid, 
tartaric acid, maleic acid, malic acid, citric acid, isocitric 
acid, succinic acid, lactic acid, gluconic acid, glucuronic 
acid, pyruvic acid oxalacetic acid, fumaric acid, propionic 
add, aspartic acid, glutamic acid, benzoic acid, and the like. 15 

The phrase "gastrointestinal disorder** or ''gasuointestinal 
disease" refers generally to a disorder or disease that occurs 
in a mammal due an imbalance between add and pepsin 
production, called aggressive factors, and mucous, 
bicarbonate, and prostaglandin production, called defensive 20 
factors. In mammals, such disorders or diseases include, but 
are not limited to, duodenal ulcer, gastric ulcer, add 
dyspepsia, gastroesophageal reflux disease (GERD), severe 
erosive esophagitis, poorly responsive symptomatic gastroe- 
sophageal reflux disease, heartburn, other esophageal 25 
disorders, and a gastrointestinal pathological hypersecretory 
condition such as Zollinger Ellison Syndrome. Treaunent of 
these conditions is accomplished by administering to a 
subject a therapeutically effective amount of a pharmaceu- 
tical composition according to the present invention. 30 

The term "treat" or "irealment" as used herein refers to 
any treatment of a disorder or disease assodated with 
gastrointestinal disorder, and includes, but is not limited to, 
preventing the disorder or disease from occurring in a 
mammal which may be predisposed to the disorder or 35 
disease, but has not yet been diagnosed as having the 
disorder or disease; inhibiting the disorder or disease, for 
example, arresting the development of the disorder or dis- 
ease; relieving the disorder or disease, for example, causing 
regression of the disorder or disease; or relieving the con- 40 
dition caused by the disease or disorder, for example, 
stopping the symptoms of the disease or disorder 

The term "prevent" or "prevention," in relation to a 
gastrointestinal disorder or disease, means no gastrointesti- 
nal disorder or disease development if none had occurred, or 45 
no further gastrointestinal disorder or disease development if 
there had already been development of the gastrointestinal 
disorder or disease. 

The present invention also relates to administration kits to 
ease mixing and administration. Illustratively, a month's 50 
supply of powder or tablets, for example, can be packaged 
with a separate month's supply of diluent, and a re-usable 
plastic dosing cup. More spedfically, the package could 
contain thirty (30) suspension tablets containing 20 mg 
omeprazole each, 1 L sodium bicarbonate 8.4% solution, 55 
and a 30 ml dose cup. The user places the tablet in the empty 
dose cup, fills it to the 30 ml mark with the sodium 
bicarbonate, waits for it to dissolve (gentle stirring or 
agitation may be used), and then ingests the suspension. One 
skiUed in the art will appreciate that such kits may contain 60 
many difif^erent variations of the above components. For 
example, if the tablets or powder are compounded to contain 
proton pump inhibiting agent and buffering agent, the dilu- 
ent may be water, sodium bicarbonate, or other compatible 
diluent, and the dose cup can be larger or smaller than 30 ml 65 
in size. Also, such kits can be packaged in unit dose form, 
or as weekly, monthly, or yearly kits, etc. 



In human therapy, it is important lo provide a dosage form 
that delivers the required therapeutic amount of the drug in 
vivo, and renders the drug bioavailable in a rapid manner. 
The formulations of the present invention satisfy these 
needs. 

II. Preparation of Oral Liquids 

As described in PhilUps U.S. Pal. No. 5,840,737, the 
liquid oral pharmaceutical composition of the present inven- 
tion is prepared by mixing omeprazole enteric-coated gran- 
ules (Prilosec® AstraZeneca), or omeprazole base, or other 
proton pump inhibitor or derivatives thereof with a solution 
including at least one buffering agent (with or without a 
parietal cell activator, as discussed below). In one 
embodiment, omeprazole or other proton pump inhibitor, 
which can be obtained from powder, capsules, and tablets or 
obtained from the solution for parenteral administration, is 
mixed with a sodium bicarbonate solution to achieve a 
desired final omeprazole (or other proton pump inhibitor) 
concentration. As an example, the concentration of omepra- 
zole in the solution can range from approximately 0.4 mg/ml 
to approximately 10.0 mg/ml. The preferred concentration 
for the omeprazole in the solution ranges from appro xi* 
mately 1.0 mg/ml to approximately 4.0 mg/ml, with 2.0 
mg/ml being the standard concentration. For lansoprazole 
(Prevadd® TAP Pharmaceuticals, Inc.) the concentration 
can range from about 03 mg/ml to 10 mg/ml with the 
preferred concentration being about 3 mg/ml. 

The pbarmaceutically acceptable carrier of the oral liquid 
may comprise a bicarbonate salt of Group LA metal as 
buffering agent, and can be prepared by mixing the bicar- 
bonate salt of the Group I A metal, preferably sodium 
bicarbonate, with water. The concentration of the bicarbon- 
ate salt of the Group lA metal in the composition generally 
ranges from approximately 5.0 percent to approximately 
60.0 percent. In one embodiment, the content of the bicar- 
bonate salt of the Group I A metal ranges from about 3 m£q 
to about 45 m£q per oral dose. 

In another embodiment, the amount of sodium bicarbon- 
ate 8.4% used in the solution of the present invention is 
approximately 1 m£q (or mmole) sodium bicarbonate per 2 
mg omeprazole, with a range of approximately 0.2 mEq 
(mmole) to 5 m£q (mmole) per 2 mg of omeprazole. 

In an embodiment of the present invention, enterically- 
coated omeprazole particles are obtained from delayed 
release capsules (Prilosec® AstraZeneca). Alternatively, 
omeprazole base powder can be used. The enterically coated 
omeprazole particles are mixed with a sodium bicarbonate 
(NaHCOg) solution (8.4%), wbidi dissolves the enteric 
coating and forms an omeprazole solution. 

The inventive solutions and other dosage forms of the 
present invention have pharmacokinetic advantages over 
standard enteric-coated and time-released proton pump 
inhibitor dosage forms, including: (a) more rapid drug 
absorbance time (about 10 to 60 minutes) following admin- 
istration for the proton pump inhibitor solution or dry form 
versus about 1 to 3 hours following administration for the 
enteric-coated pellets; (b) the buffer solution protects the 
proton pump inhibitor from acid degradation prior to absorp- 
tion; (c) the buffer acts as an antacid while the proton pimip 
inhibitor is being absorbed for rapid antadd relief; and (d) 
the solutions can be administered through an existing ind- 
welling tube without clogging, for example, nasogastric or 
other feeding tubes jejuna] or duodenal), including small 
bore needle catheter feeding nibes. 

Solutions, suspensions and powders for reconstitutable 
delivery systems include vehicles such as suspending agents 
(for example, gums, xanthans, celluloses and sugars). 
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humeciants (for example, sorbitol), solubilizers (for 
example, eihanol, water. PEG and propylene glycol), sur- 
factants (for example, sodium lauryl sulfate. Spans, Tweens, 
and cctyl pyridine), preservatives and antioxidants (for 
example, parabens, vitamins E and C, and ascorbic acid), 5 
anti-caking agents, coating agents, and chelating agents (for 
example, EDTA). 

Additionally, various additives can be incorporated into 
the inventive solution to enhance its stability, sterility and 
isotonicity. Antimicrobial preservatives, such as ambicin, 10 
antioxidants, chelating agents, and additional buffers can be 
added. However, microbiological evidence shows that this 
formulation inherently possesses antimicrobial and antifun- 
gal activity. Various antibacterial and antifungal agents such 
as, for example, parabens, chlorobutanol, phenol, sorbic 15 
acid, and the like can enhance prevention of the action of 
microorganisms. 

In many cases, it would be desirable to include isotonic 
agents, for example, sugars, sodium chloride, and the like. 
Additionally, thickening agents such as methyl cellulose are 20 
desirable to use in order to reduce the settling of the 
omeprazole or other proton pump inhibitor or derivatives 
thereof bom the suspension. 

The liquid oral solution may further comprise flavoring 
agents (e.g., chocolate, thalmantin, aspartame, root beer or 25 
watermelon) or other flavorings stable at pH 7 to 9, anti- 
foaming agents (e.g., simethicone 80 mg, Mylicon®) and 
parietal cell activators (discussed below). 

The present invention further includes a pharmaceutical 
composition comprising omeprazole or other proton pump 30 
inhibitor and derivatives thereof and at least one buffering 
agent in a form convenient for storage, whereby when the 
composition is placed into an aqueous solution, the compo- 
sition dissolves and/or disperses yielding a suspension suit- 
able for enteral administration to a subject. The pharmaceu- 35 
tical composition is in a solid form prior to dissolution or 
suspension in an aqueous solution. The omeprazole or other 
proton pump inhibiting agents and buffering agent can be 
formed into a tablet, capsule, pellets or granules, by methods 
well known to those skilled in the art. 40 

The resultant omeprazole solution is stable at room tem- 
perature for several weeks and inhibits the growth of bac- 
teria or fungi as shown in Example X below. Indeed, as 
established in Example XIII, the solution maintains greater 
than 90% of its potency for 12 months. By providing a 45 
pharmaceutical composition including omeprazole or other 
proton pump inhibitor with buffer in a solid form, which can 
be later dissolved or suspended in a prescribed amoimt of 
aqueous solution to yield the desired concentration of ome- 
prazole and buffer, the cost of production, shipping, and 50 
storage are greatly reduced as no liquids are shipped 
(reducing weight and cost), and there is no need to refrig- 
erate the solid form of the composition or the solution. Once 
mixed the resultant solution can then be used to provide 
dosages for a single subject over a course of time, or for 55 
several subjects. 

III. Tablets and Other Solid Dosage Forms 

As mentioned above, and as described in part in Phillips 
U.S. Pat. No. 5,840,737, the formulations of the present 
invention can also be manufactured in concentrated forms, 60 
such as powders, capsules, tablets, suspension tablets and 
effervescent tablets or powders, which can be swallowed 
whole or first dissolved such that upon reaction with water, 
gastric secretions or other diluent, the aqueous form of the 
present invention is produced. 65 

The present pharmaceutical tablets or other solid dosage 
forms disintegrate rapidly in aqueous media and form an 



aqueous solution of the proton pump inhibitor and buffering 
agent with minimal shaking or agitation. Such tablets utilize 
commonly available materials and achieve these and other 
desirable objectives. The tablets or other solid dosage forms 
of this invention provide for precise dosing of a proton pump 
inhibitor that may be of low solubility in water. They may be 
particularly usefiil for medicating children and the elderly 
and others in a way that is much more acceptable than 
swallowing or chewing a tablet. The tablets that are pro- 
duced have low friability, making them easily transportable. 

The term **suspension tablets'* as used herein refers to 
compressed tablets which rapidly disintegrate after they are 
placed in water, and are readily dispersible to form a 
suspension containing a precise dosage of the proton pump 
inhibitor. The suspension tablets of this invention comprise, 
in combination, a therapeutic amount of a proton pump 
inhibitor, a buffering agent, and a disintegrant. More 
particularly, the suspension tablets comprise about 20 mg 
omeprazole and about 4-30 mEq of sodium bicarbonate. 

Croscarmellose sodium is a known disintegrant for tablet 
formulations, and is available from FMC Corporation, 
Philadelphia, Pa. under the trademark Ac-Di-Sol®. It is 
frequently blended in compressed tableting formulations 
either alone or in combination with microcrystalline cellu- 
lose to achieve rapid disintegration of the tablet. 

Microcrystalline cellulose, alone or co processed with 
other ingredients, is also a common additive for compressed 
tablets and is well known for its ability to improve com- 
pressibility of difficult to compress tablet materials. It is 
commercially available under the Avicel® trademark. Two 
different Aviccl® products are utilized, Avicel® PH which is 
microcrystalline cellulose, and Avicel® AC-815, a co pro- 
cessed spray dried residue of microcrystalline ceUulose and 
a calcium-sodium alginate complex in which the calcium to 
sodium ratio is in the range of about 0.40:1 to about 23:1. 
While AC-815 is comprised of 85% microcrystalline celhi- 
lose (MCQ and 15% of a calcium-sodium alginate complex, 
for purposes of the present invention this ratio may be varied 
from about 75% MCC to 25% alginate up to about 95% 
MCC to 5% alginate. Depending on the particular formula- 
tion and active ingredient, these two components may be 
present in approximately equal amounts or in unequal 
amounts, and either may comprise from about 10% to about 
50% by weight of the tablet. 

The suspension tablet composition may, in addition to the 
ingredients described above, contain other ingredients often 
used in pharmaceutical tablets, including flavoring agents, 
sweetening agents, flow aids, lubricants or other common 
tablet adjuvants, as will be apparent to those skilled in the 
art. Other disintegrants, such as crospovidone and sodium 
starch glycol ate may be employed, although croscarmellose 
sodium is prefeaed. 

In addition to the suspension tablet, the solid formulation 
of the present invention can be in the form of a powder, a 
tablet, a capsule, or other suitable solid dosage form (e.g., a 
pelleted form or an effervescing tablet, troche or powder), 
which creates the inventive solution in the presence of 
dDuent or upon ingestion. For example, the water in the 
stomach secretions or water, whidi is used to swallow the 
solid dosage form, can serve as the aqueous diluent. 

Compressed tablets are solid dosage forms prepared by 
compacting a formulation containing an active ingredient 
and excipients selected 10 aid the processing and improve 
the properties of the product. The term '^compressed tablet" . 
generally refers to a plain, uncoated tablet for oral ingestion, 
prepared by a single compression or by pre -compaction 
tapping followed by a final compression. 



• 
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Dry oral fonnulaiions can contain excipienis such as Effervescent tablets and powders arc also prepared in 
binders (for example, hydroxypropylmethylcellulose, poly- accordance with the present invention. Effervescent salts 
vinyl pyrilodone, other cellulosic materials and starch), have been used to disperse medicines in water for oral 
diluents (for example, lactose and other sugars, starch, administration. Effenrescent salts are granules or coarse 
dicaldum phosphate and cellulosic materials), disintegrat- $ powders containing a medicinal agent in a dry mixture, 
ing agents (for example, starch polymers and cellulosic usually composed of sodium bicart>onate, citric acid and 
materials) and lubricating agents (for example, stcaratcs and tartaric acid. When the salts are added to water, the acids and 
laic). the base react to liberate carbon dioxide gas, thereby causing 

Such solid forms can be manufactured as is well known "effervescence." 
in the art. Tablet forms can include, for example, one or lo '^^ °^ ingredients for effervescent granules 

more of lactose, mannitol, com starch, potato starch, micro. ^^P^°^^ "P°° requirements of the manufacmring 
crystalline cellulose, acacia, gelatin, colloidal silicon l"^^ necessity of making a preparaaon which 

dioxide, croscarmeUose sodium, talc, magnesium stearate, '"^'^ T^': two required mgredients are 

stearic Icid, and other excipien^, colorant, diluenls, buff: ^^l' ^» ^^^^ • ^ase re eases 

. . ^ ' u*ju*.u«, uuiA carbon dioxide upon reaction with the aad. Examples of 

cnng agenu, moistening agents, preservatives, flavoring 15 s^^h acids include, but are not limited to, Urtaric add and 
agents, and pharmaceuiicaUy compatible carriers. The citric acid. Preferably, the acid is a combination of both 
manufactunng processes may employ one, or a combination lanaric add and dtric add. Examples of bases indudc, but 
of, four established methods: (1) dry mixing; (2) direct are not limited to, sodium carbonate, potassium bicarbonate 
compression; (3) mOling; and (4) non-aqueous granulation. and sodium bicarbonate. Preferably, the base is sodium 
Lachman et al.. The Theory and Practice of Industrial 20 bicarbonate, and the effervescent combination has a pH of 
Pharmacy (1986). Such tablets may also comprise film about 6.0 or higher. 

coatings, which preferably dissolve upon oral ingestion or Effervescent salts preferably include the following 
upon contact with diluent. ingredients, which actually produce the effervescence: 

Non-limiting examples of buffering agents which could sodium bicarbonate, dtric acid and tartaric add. When 
be utilized in such tablets include sodium bicarbonate, alkali 25 added to water the acids and base react to liberate carbon 
earth metal salts such as calcium carbonate, calcium dioxide, resulting in effervescence. It should be noted that 
hydroxide, caldum lactate, caldum glycerophosphate, cal- any acid-base combination which results in the liberation of 
cium acetate, magnesium carbonate, magnesium hydroxide, carbon dioxide could be used in place of the combination of 
magnesium silicate, magnesium aluminate, aluminum sodium bicarbonate and dtric and tartaric adds, as long as 
hydroxide or aluminum magnesium hydroxide. A particular 30 the ingredients were suitable for pharmaceutical use, and 
alkali earth metal sail useful for making an antacid tablet is result in a pH of about 6.0 or higher, 
caldum carbonate. It should be noted that it requires 3 molecules of NaHCOj 

An example of a low density alkali earth metal salt useful to neutralize 1 molecule of dtric add and 2 molecules of 
for making the granules according to the present invention NaHCOg to neutralize 1 molecule of tartaric add. It is 
is extra light calcium carbonate available from Speciahy 35 desired that the approximate ratio of ingredients is as 
Minerals Inc., Adams, Me. The density of the extra light follows: 

caldum carbonate, prior to being processed according to the Citric Acid:Tartaric AcidrSodium Bicarbonate- 1:2:3.44 (by 
present invention, is about 0.37 g/ml. Other acceptable weight). This ratio can be varied and continue to produce 
buffers are provided throughout this application. an effective release of carbon dioxide. For example, ratios 

The granules used to make the tablets according to one 40 of about 1:0:3 or 0:1:2 are also effective, 
embodiment of the present invention are made by cither The method of preparation of the effervescent granules of 
spray drying or pre -compacting the raw materials. Prior to the present invention employs three basic processes: wet and 
being processed into granules by either process, the density dry granulation, and fusion. The fusion method is used for 
of the alkali earth metal salts useful in the present invention the preparation of most commercial effervescent powders. It 
ranges from about 0.3 g/ml to about 0.55 g/'ml, preferably 45 should be noted that although these methods are intended for 
about 0.35 g/ml to about 0.45 g/ml, even more preferably the preparation of granules, the formulations of effervescent 
about 0.37 g/ml to about 0.42 g/ml. salts of the present invention could also be prepared as 

Additionally, the present invention can be manufactured tablets, according to well known prior art technology for 
by utilizing micronized compounds in place of the granules tablet preparation. 

or powder. Micronization is the process by which solid drug 50 Wet granulation is the oldest method of granule prcpara- 
particles are reduced in size. Since the dissolution rate is tion. The individual steps in the wet granulation process of 
directly proportional to the surface area of the solid, and tablet preparation include milling and sieving of the ingre- 
redudng the particle size increases the surface area, reduc- dients; dry powder mixing; wet massing; granulation; and 
ing the particle size increases the dissolution rate. Although final grinding. 

micronization results in increased surface area possibly 55 Dry granulation involves compressing a powder mixture 
causing particle aggregation, which can negate the benefit of into a rough tablet or '*slug" on a heavy-duty rotary tablet 
micronization and is an expensive manufacturing step, it press. The slugs are then broken up into granular particles by 
does have the significant benefit of inaeasing the dissolution a grinding operation, usually by passage through an oscil- 
rate of relatively water insoluble drugs, such as omeprazole lalion granulator. The individual steps include mbcing of the 
and other proton pump inhibiting agents. 60 powders; compressing (slugging); and grinding (slug reduc- 

Although the tablets of this invention are primarily tion or granulation). No wet binder or moismrc is involved 
intended as a suspension dosage form, the granulations used in any of the steps. 

to form the tablet may also be used to form rapidly disin- The fusion method is the most preferred method for 
legraiing chewable tablets, lozenges, troches, or swallow- preparing the granules of the present invention. In this 
able tablets. Therefore, the intermediate formulations as weU 65 method, the compressing (slugging) step of the dry granu- 
as the process for preparing them provide additional novel lation process is eliminated. Instead, the powders are heated 
aspects of the present invention. in an oven or other suitable source of heat. 
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IV. Proton Pump Inhibitors Administered with Parietal CeD 
Activators 

Applicant has unexpectedly discovered that certain 
compounds, such as chocolate, calcium and sodium bicar- 
bonate and other alkaline substances, stimulate the parietal 5 
cells and enhance the pharmacologic activity of the proton 
pump inhibitor administered. For the purposes of this 
application, "parietal cell activator** or **activator" shall 
mean any compound or mixture of compounds possessing 
such stimulatory eff^ect including, but not limited to, 
chocolate, sodium bicarbonate, calcium (e.g., calcium 
carbonate, calcium gluconate, calcium hydroxide, calcium 
acetate and calcium glyceropfaospbate), peppermint oil, 
spearmint oil, coffee, tea and colas (even if decaffeinated), 
caffeine, theophylline, theobromine, and amino acids 
(particularly aromatic amino acids such as phenylalanine 
and tryptophan) and combinations thereof, and the salts 
thereof. 

Such parietal cell activators are administered in an 
amount sufBcient to produce the desired stimulatory effect 
without causing untoward side effects to subjects. For ^ 
example, chocolate, as raw cocoa, is administered in an 
amoimt of about 5 mg to 25 g per 20 mg dose of omeprazole 
(or equivalent pharmacologic dose of other proton pump 
inhibitor). The dose of activator administered to a mammal, 
particularly a human, in the context of the present invention ^ 
should be sufficient to effect a therapeutic response (i.e., 
enhanced effect of proton pump inhibitor) over a reasonable 
time frame. The dose will be determined by the su-ength of 
the particular compositions employed and the condition of 
the person, as weU as the body weight of the person to be ^ 
treated. The size of the dose also will be determined by the 
existence, nature, and extent of any adverse side effects that 
might accompany the administration of a particular compo- 
sition. 

The approximate effective ranges for various parietal cell 
aaivators per 20 mg dose of omeprazole (or equivalent dose 
of other proton pump inhibitor) are: 

Chocolate (raw cocoa) — 5 mg to 2.5 g 

Sodium bicarbonate — 7 mEq to 25 mEq 

Calcium carbonate — 1 mg to 1.5 g 

Calcium gluconate — 1 mg to 1.5 g 

Calcium lactate — 1 mg to 1.5 g 

Calcium hydroxide — 1 mg 10 15 g 

Calcium acetate — 05 mg to 1.5 g 45 
Calcium glycerophosphate — 0.5 mg to 15 g 
Peppermint oil — (powdered form) 1 mg to 1 g 
Spearmint oil — (powdered form) 1 mg to 1 g 
Coffee— 20 ml to 240 ml 
Tea— 20 ml to 240 ml 
Cola— 20 ml to 240 ml 
Caffeine — 05 mg to 1.5 g 
Theophylline — 0.5 mg to 1,5 g 

Theobromine — 0.5 mg to 1.5 g 55 
Phenylalanine — 05 mg to 1.5 g 
Tryptophan — 0.5 mg to 1.5 g 

Pharmaceutically acceptable carriers are well-known to 
those who are skilled in the art. The choice of carrier will be 
determined, in part, both by the particular composition and 
by the particular method used to administer the composition. 
Accordingly, there is a wide variety of suitable formulations 
of the pharmaceutical compositions of the present invention. 

V. Examples 

The present invention is further illustrated by the follow- 
ing formulations, which should not be construed as hmiting 



in any way. The practice of the present invention will 
employ, unless otherwise indicated, conventional techniques 
of pharmacology and pharmaceutics, which are within the 
skill of the an. 

Example I 

A. Fast Disintegrating Suspension Tablets of Omeprazole. 

A fast disintegrating tablet is compounded as foUows: 
Croscarmellose sodium 300 g is added to the vortex of a 
rapidly stirred beaker containing 3.0 kg of deionized water. 
This slurry is mixed for 10 minutes. Omeprazole 90 g 
(powdered) is placed in the bowl of a Hobart muter. After 
mixing, the slurry of croscarmellose sodium is added slowly 
to the omeprazole in the mixer bowl, forming a granulation, 
which is then placed in uays and dried at 70^ C. for three 
hours. The dry granulation is then placed in a blender, and 
to it is added 1^00 g of Avicel® AC-815 (85% microcrys- 
talline cellulose coprocessed with 15% of a calcium, sodium 
alginate complex) and 1,500 g of AviceliSi PH-302 
(microcrystalline cellulose). After this mixmre is thoroughly 
blended, 35 g of magnesium stearate is added and mixed for 
5 minutes. The resulting mixture is compressed into tablets 
on a standard tablet press (Rata HS). These tablets have an 
average weight of about 0.75 g, and contain about 20 mg 
omeprazole. These tablets have low friability and rapid 
disintegration time. This formulation may be dissolved in an 
aqueous solution containing a buffering agent for immediate 
oral administration. 

Alternatively, the suspension tablet may be swallowed 
whole with a solution of buffering agent. In both cases, the 
preferred solution is sodium bicarbonate 8.4%. As a further 
alternative, sodium bicarbonate powder (about 975 mg per 
20 mg dose of omeprazole (or an equipotent amount of other 
proton pump inhibitor) is compoimded directly into the 
tablet. Such tablets are then dissolved in water or sodium 
bicarbonate 8.4%, or swallowed whole with an aqueous 
diluent. 



40 



B3. 10 mg Tablet Fonnula. 



Omeprazole 



10 mg 

(or lansoprazole or pantopiazolc 
or other proton pump inhibitor in an 
equipotent amount) 
Calcium lactate 175 mg 

Calcium glycerophosphate 175 mg 

Sodium bicaifoonate 250 mg 

Aspartame calcium (phenylalanine) 0.5 mg 

Colloidal sDioon dioxide 12 mg 

Com starch 15 mg 

Croscarmellose sodium 12 mg 

Dextrose 10 mg 

Peppermint 3 mg 

Maltodextrio 3 mg 

Maiuitol 3 mg 

Pregelalinized starch 3 mg 

B2. 10 mg Tablet Formula. 



Proton pump inhibitor: one of the 
following: 






Omeprazole 


10 


mg 


Lansoprazole 


15 


mg 


Panloprazole sodium 


20 


mg 


Rabeprazole sodium > 


10 


mg 


Other proton pun^ inhibitor in an 






cqu^x>tenl amount 






Calcium lactate 


375 


mg 


Calcium glycerophosphate 


375 


mg 


Aspaitame calcium (pbeaylalanine) 


0.5 


mg 
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-continued 



•continued 



Colloidal silicon dioxide 


12 


mg 


Com staicfa 


15 


mg 


Crosc&nncllose sodium 


12 


mg 


Dextrose 


10 


mg 


Pcppennint 


3 


mg 


Maltodextiia 


20 


mg 


Maonitol 


30 


mg 


Pregelatinized starch 


30 


mg 



B3. 10 mg Tablel Formula. 

Proton pump inhibitor: one of the 
following: 

Omeprazole 10 mg 

lansoprazole IS mg 

Pantoprazole sodium 20 mg 

Rabeprazole sodium 10 mg 
Other proton pump inhibitor in an 
equipotenl amount 

Sodium bicarbonate 750 mg 

Aspartame sodium (phenylalanine) 0^ mg 

Colloidal silicon dioxide 12 mg 

Com starch 15 mg 

Croscarmellose sodium 12 mg 

Dextrose 10 mg 

Peppermint 3 mg 

Maltodextrin 20 mg 

Mannitol 30 mg 

Pregelatinized starch 30 mg 
CI. 20 mg Tablet Formula. 



Omeprazole 



20 mg 

(or lansoprazole or pantoprazole or 
other proton pump inhibitor in an 
cquipotent amount) 



Calcium lactate 


175 


mg 


Calcium glycerophosphate 


175 


mg 


Sodium bicarbonate 


250 


mg 


Aspartame calcium (phenylalanine) 


0.5 


mg 


Colloidal silicon dioxide 


12 


mg 


Cora starch 


15 


mg 


Croscarmellose sodium 


12 


mg 


Dextrose 


10 


mg 


Calcium hydroxide 


10 


mg 


Peppermint 


3 


mg 


Maltodextrin 


3 


mg 


Mannitol 


3 


mg 


Pregelatinized starch 


3 


mg 



C2. 20 mg Tablet Formula. 

Proton pump inhibitor: One of the 
following: 

Omeprazole 20 mg 

Lansoprazole 30 mg 

Pantq>razole 40 mg 
Other proton pump inhibitor in an 
equipotenl amount 

Calcium lactate 375 mg 

Calcium glycerophosphate 375 mg 

Aspartame calcium (phenylalanine) 0.5 mg 

Colloidal silicon dioxide 12 mg 

Cora starch 15 mg 

Croscarmellose sodium 12 mg 

E>extrose 10 mg 

Peppermint 3 mg 

Maltodextrin 20 mg 

Mamiitol 30 mg 

Pregelatinized starch 30 mg 
C3. 20 mg Tablet Formula. 



Other proton pump inhibitor in an 
c<|uipotent amotint 



10 



20 



30 



35 



40 



45 



50 



Sodium bicarbonate 


750 


mg 


Aspartame sodium (pheoylalanine) 


0.5 


mg 


Colloidal silicon dioxide 


12 


mg 


Corn starch 


15 


mg 


Croscarmellose sodium 


12 


mg 


Dextiose 


10 


mg 


Peppermint 


3 


mg 


Maltodextrin 


20 


mg 


Mannitol 


30 


mg 


Pregelatinized starch 


30 


mg 



Dl. Tablet for 



15 



Rapid 1 



Omeprazole 



Calcium lactate 



Calcium glycerophosphate 


175 


Sodium bicarbonate 


500 


Calcium hydroxide 


50 


Croscannellose sodium 


12 


D2. Tablet for Rapid Dissolution. 


Proton pump inhibitor One of the 




following: 




Omeprazole 


20 


Lansoprazole 


30 


Pantoprazole 


40 


Rabeprazole sodium 


20 


Esomeprazole magnesium 


20 


Other proton pun^ inhibitor in an 




equipotenl amount 




Calcium lactate 


300 


Calcium glycerophosphate 


300 


Calcium hydroxide 


50 


Croscannellose sodium 


12 


D3. Tablet for Rapid Dissolution. 


Proton pump inhibitor One of the 




following: 





20 mg 

(or lansc^razole or pantopiazole or 
other proton pump inhibitor in an 
equ^xMent amount) 
175 mg 



Omeprazole 

Lansoprazole 

Pantopiazole 

Rabeprazole sodium 

Esomeprazole magnesium 

Other proton pump inhibitor in an 

equipotent amount 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 



700 mg 
100 mg 

12 mg 



55 



60 



Sodium bicarbonate 
Trisodium phosphate 
dodecahydrate 
Croscarmellose sodium 

El. Powder for Reconstituiion for Oral Use (or per ng lube). 

Omeprazole 20 mg 

(or lansoprazole or pantoprazole or 
other proton ptunp inhibitor in an 
equipotent amount) 
175 mg 
175 mg 
500 mg 
50 mg 
200 mg 



Calcium lactate 
Calcium glycerophosphate 
Sodium bicarbonate 
Calcium hydroxide 
Glycerine 



E2. Powder for Reconstitution for Oral Use (or per ng tube). 



Proton pump inhibitor: One of the 
following: 

Omeprazole 

Lansoprazole 

Pantoprazole 



20 mg 
30 mg 
40 mg 



65 



Proton pump inhibitor One of the 
following: 

Omeprazole 
Lansoprazole 
Pantoprazole 
Rabeprazole sodium 
EsoQKprazole magnesium 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 
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-continued 



<oDtiDued 



Other pioum pump inhibitor in an 
equipotcnt amount 

Caldum lactate 300 mg 

Calctuni glycerophosphate 300 mg 

Calcium hydroxide 50 mg 

Glycerine 200 mg 

E3. Powder for Reconstitution for Oral Use (or per ng tube). 

Proton pump inhibitor One of the 
following: 



Omeprazole 

Lansoprazole 

Pantq}razole 

Rabqmizole sodium 

Esomeprazoie magnesium 

Other proton pump inhibitor in an 

equipotent amoiml 



20 mg 
30 mg 
40 mg 
20 mg 
20 mg 



Sodium bicarbonate 
Trisodium pbosphau 



Omeprazole 



Fl. 10 mg Thblet Formula. 



850 mg 
50 mg 



Caldum lactate 
Caldum glycerophosphate 
Sodium bicarbonate 
Polyethylene glycol 
Croscannellosc sodium 
Peppermint 
Magnesium silicate 
Magoesium stearate 



10 mg 

(or lansopiazole or pantoprazole or 
other proton pump inhibitor in an 
equipotent amoum) 
175 mg 
175 mg 
250 mg 
20 mg 
12 mg 
3 mg 
1 mg 
1 mg 



F2. 10 mg Thblel Formula. 



Proton ptunp inhibitor: One of the 
following: 

Omeprazole 

Lansoprazole 

Pantoprazole sodium 

Rabeprazole sodium 

Esomeprazoie magnesium 

Other proton pun^ inhibitor in an 

equipotent amount 

Caldum lactate 
Caldum glycerophosphate 
Polyethylene glycol 
Croscannellosc sodium 
Peppermint 
Magaesium silicate 
Magsesium stearate 



F3. 10 mg Thblet Formula. 



10 mg 
15 mg 
20 mg 
10 mg 
10 mg 



475 mg 
250 mg 
20 mg 
12 mg 
3 mg 
10 mg 
10 mg 



Proton pump inhibitor: One of the 
following: 

Omeprazole 

Lansopiazole 

Pantoprazole sodium 

Rabeprazole sodium 

Esomeprazoie magnesium 

Other proton pun^ inhibitor in an 

equipotcnt amount 

Sodium bicarbonate 
Polyethylene glycol 
Croscannellosc sodium 
Peppermint 
Magnesium silicate 
Magnesium stearate 



10 mg 
35 mg 
20 mg 
10 mg 
10 mg 



700 mg 
20 mg 
12 mg 
3 mg 
10 mg 
10 mg 



10 



20 



25 



40 



45 



50 



55 



60 



65 



Gl. 10 mp Tablet Formula. 



Omeprazole 



Caldum lactate 
Cftldum glycerophosphate 
Sodium bicaibonate 
Croscarmellose sodium 
Pregelatinized starch 



10 mg 

(or lansoprazole or pantoprazole or 
other proton pimip inhibitor in an 
equipotent amount) 
200 mg 
200 mg 
400 mg 
12 mg 
3 mg 



G2. 10 mg Tablet Fonnula. 



Proton pump inhibitor One of the 
15 following: 



Omeprazole 
Lansoprazole 
Pantoprazole sodium 
Rabeprazole sodium 
Esomeprazoie magnesium 
Other proton pump inhibitor in an 
equipotcnt amount 



Caldum lactate 
Caldum glycerophosphate 
Ooscarmellose sodium 
Pregelatinized starch 

G3. 10 mg Tablet Fonnula. 



10 mg 
35 mg 
20 mg 
30 mg 
30 mg 



400 mg 
400 mg 
12 mg 
3 mg 



Proton ptunp inhibitor One of the 
following: 

30 Omeprazole 
Lansoprazole 
Pantoprazole sodium 
Rabeprazole sodium 
Esomeprazoie magnesium 
Other proton punxp inhibitor in an 

35 equipotent amount 

Sodium bicaiboante 
Croscarmellose sodium 
Pregelatinized starch 



10 mg 
15 mg 
20 mg 
10 mg 
10 mg 



750 mg 
12 mg 
3 mg 



All of the tablets and powders of this Example may be swallowed whole, 
chewed or mixed with an aqueous medium prior to administration. 

Example II 

Standard Tablet of Proton Pump Inhibitor and Buflfcring 
Agent. 

Ten (10) tablets were prepared using a standard tablet 
press, each tablet comprising about 20 mg omeprazole and 
about 975 mg sodium bicarbonate uniformly dispersed 
throughout the tablet. To test the disintegration rate of the 
tablets, each was added to 60 ml of water. Using previously 
prepared liquid omeprazole/sodium bicarbonate solution as 
a visual comparator, it was observed that each tablet was 
completely dispersed in under three (3) minutes. 

Another study using the tablets compounded according to 
this Example evaluated the bioactivity of the tablets in five 
(5) adult critical care subjects. Each subject was adminis- 
tered one tablet via ng with a small amount of water, and the 
pH of ng aspirate was monitored using paper measure. The 
pH for each subject was evaluated for 6 hours and remained 
above 4, thus demonstrating the therapeutic benefit of the 
tablets in these patients. 

Tablets were also prepared by boring out the center of 
sodium bicarbonate USP 975 mg tablets with a knife. Most 
of the removed sodium bicarbonate powder was then tritu- 
rated with the contents of a 20 mg Prilosec® capsule and the 
restilting mixture was then packed into the hole in the tablet 
and sealed with glycerin. 



• 
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Example III 
Proton Pump Inhibitor Central Core Tablet. 

Tablets are prepared in a two-step process. First, about 20 
mg of omeprazole is formed into a tablet as is known in the 
art to be used as a central core. Second, about 975 mg 
sodium bicarbonate USP is used to uniformly surrotmd the 
central core to form an outer protective cover of sodium 
bicarbonate. The central core and outer cover are both 
prepared using standard binders and other excipients to 
create a finished, pbarmaceutically acceptable tablet. The 
tablets may be swallowed whole with a glass of water. 

Example IV 
EfE^ervescent Tablets and Granules. 

The granules of one 20 mg Prilosec® capsule were 
emptied into a mortar and triturated with a pestle to a fine 
powder. The omeprazole powder was then geometricaUy 
diluted with about 958 mg sodium bicarbonate USP, about 
832 mg citric acid USP and about 312 mg potassium 
carbonate USP to form a homogeneous mixture of efferves- 



i^plicant performed a retrospective evaluation of chil- 
dren with gastroesophageal reflux disease referred to the 
University of Missouri-Columbia from 1995 to 1998 who 
received treatment with the experimental omeprazole or 
5 lansoprazole Cboco-Base suspension formulated in accor- 
dance with Formulation 1 stated below. Data were included 
on all patients with follow up information sufficient to draw 
conclusions about pre/post U'eatment (usually >6 months). 
There were 25 patients who met the criteria for this evalu- 
10 ation. Age range was several weeks to greater than 5 years. 
Most patients bad a history of numerous unsuccessful 
attempts at ameliorating the effects of gastroesophageal 
reflux disease. Medication histories indicated many trials of 
various drugs. 

15 The primary investigator reviewed all charts for unifor- 
mity of data collection. When insufficient data was available 
in the University charts, attempts were made to review 
charts in the local primary care physicians* offices for 
follow-up data. If information was still unavailable to 
cent omeprazole powder. This powder was then added to 20 review, attempts were made to contact family for follow-up. 



about 60 ml of water whereupon the powder reacted with the 
water to aeate effervescence. A bubbling solution resulted 
of omeprazole and principally the antacids sodium citrate 
and potassium citrate. The solution was then administered 
orally to one adult male subject and gastric pH was mea- 
sured using pHydrion paper. The results were as follows: 



Tune Interval 


pH Measured 


Immediately prior to dose 


2 


1 hour post dose 


7 


2 hours post dose 


6 


4 hours post dose 


6 


6 hours post dose 


5 


8 hours post dose 


4 



25 



30 



35 



One skilled in the art of pharmaceutical compounding will 
appreciate that bulk powders can be manufactured using the 
above ratios of ingredients, and that the powder can be 
pressed into tablets using standard binders and excipients. 
Such tablets are then mixed with water to activate the 
effervesceot agents and create the desired solution, in 
addition, lansoprazole SO mg (or an equipotent dose of other 
proton pump inhibitor) can be substituted for omeprazole. 

The effervescent powder and tablets can alternatively be 
formulated by employing the above mixnire but adding an 
additional 200 mg of sodium bicarbonate USP to create a 
resulting solution with a higher pH. Further, instead of the 
excess 200 mg of sodium bicarbonate, 100 mg of calcium 
glycerophosphate or 100 mg of calcium lactate can be 
employed. Combinations of the same can also added. 

Example V 

Parietal Cell Activator **Choco-Base'f"" Formulations and 
Efficacy. 

Children are affected by gastro esophageal reflux disease 
(GERD) with atypical manifestations. Many of these atypi- 
cal symptoms are difficult to control with traditional dnigs 



If data were still unavailable the patients were considered 
inevaluable. 

Patient charts were reviewed in detail. Data noted were 
date of commencement of therapy, date of termination of 
therapy and any reason for termination other than response 
to treatment. Patient demographics were also recorded, as 
were any other medical illnesses. Medical illnesses were 
divided grossly into those that are associated with or exac- 
erbate gastroesophageal reflux disease and those that do not. 

Patient charts were examined for evidence of response to 
therapy. As this was largely a referral population, and a 
retrospective review, quantification of symptomatology 
based on scores, office visits and ED visits was difficult. 
Therefore, applicant examined charts for evidence of an 
overall change in patient symptoms. Any data to point 
towards improvement, decline or lack of change were exam- 
ined and recorded. 
Results. 

A total of 33 pediatric patients to date have been treated 
40 with the above-described suspension at the University of 
Missouri — Columbia. Of the 33 patients, 9 were excluded 
from the study, all based upon insufficient data about 
commencement, duration or outcome in treatment with 
proton pump inhibitor therapy. This left 24 patients with 
enough data to draw conclusions. 

Of the 24 remaining patients, 18 were males and 6 
females. Ages at implementation of proton pump inhibitor 
therapy ranged from 2 weeks of age to 9 years old. Median 
age at start of therapy was 265 months [mean of 37 mo.]. 
50 Early on, reflux was usually documented by endoscopy and 
confirmed by pH probe. Eventually, pH probe was dropped 
and endoscopy was the sole method for documenting reflux, 
usually at the time of another surgery (most often T-tubes or 
adenoidectomy). Seven patients had pH probe confirmation 
55 of gastroesophageal reflux disease, whereas 18 had endo- 
scopic confirmation of reflux including all eight who had pH 
probing done (See FIGS. 5 and €). Reflux was diagnosed on 
endoscopy most commonly by cobblestoning of the tracheal 
waU, with laryngeal and pharyngeal cobblestoning as find- 



45 



such as Hj-ant agonists, cisapride, or sucralfate. Proton 

pump inhibiting agents are more effective in controlling 60 ings in a few patients. Six patients had neither pH nor 



gastric pH and the symptoms of gastroesophageal reflux 
disease than other agents. However, proton pump inhibiting 
agents are not available in dosage forms that are easy to 
administer to young children. To address this problem, 
applicant employed omeprazole or lansoprazole in a buff- 
ered chocolate suspension (Choco-Base), in children with 
manifestations of gastroesophageal reflux disease. 



65 



endoscopic documentation of gastroesophageal reflux 
disease, but were tried on proton pump inhibitor therapy 
based on symptomatology alone. 

Past medical history was identified in each chart. Ten 
patients had reflux-associated diagnoses. These were most 
commonly cerebral palsy, prematurity and Pierre Robin 
sequence. Other diagnoses were Charcot-Marie-Tooth 
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disease, Velocardiofacial syndrome, Down syndrome and 
De George's syndrome. Non-reflux medical history was also 
identified and recorded separately (See Table 2 below). 

Patients were, in general, referral patients from local 
family practice clinics, pediatricians, or other pediatric 5 
health care professionals. Most patients were referred to 
ENT for upper airway problems, sinusitis, or recurrent/ 
chronic otitis media that had been refractory to medical 
therapy as reported by the primary care physician. Symp- 
toms and signs most commonly found in these patients were lO 
recorded and tallied. All signs and symptoms were broken 
down into six major categories: (1) nasal; (2) otologic; (3) 
respiratory; (4) gastrointestinal; (5) sleep-related; and (6) 
other. The most common problems fell into one or all of the 
first 3 categories (See Table 1 below). is 

Most patients had been treated in the past with medical 
therapy in the form of antibiotics, steroids, asthma medica- 
tions and other diagnosis-appropriate therapies. In addition, 
nine of the patients had been on reflux therapy in the past, 
most commonly in the form of conservative therapy such as 20 
head of bed elevation 300, avoidance of evening snacks, 
avoidance of caffeinated beverages as well as cisapride and 
ranitidine (See FIG. 7). 

The proton pump inhibitor stispension tised in this group 
of patients was Choco-Base suspension of either lansopra- 25 
zole or omeprazole. The dosing was very uniform, with 
patients receiving doses of either 10 or 20 mg of omeprazole 
and 23 mg of lansoprazole. Initially, in April of 1996 when 
therapy was first instituted 10 mg of omeprazole was used. 
There were 3 patients in this early phase who were treated 30 
initially with 10 mg po qd of omeprazole. All three subse- 
quently were increased to either 20 mg po qd of omeprazole 
or 23 mg po qd of lansoprazole. All remaining patients were 
given either the 20 mg omeprazole or the 23 mg lansopra- 
zole treatment qd, except in one case, where 30 mg of 35 
lansoprazole was used. Patients were instructed to take their 
doses once per day, preferably at night in most cases. 
Suspensions were all filled through the University of Mis- 
souri Pharmacy at Green Meadows. This allowed for track- 
ing of usage through refill data. 40 

Most patients responded favorably to and tolerated the 
once daily dosing of Choco-Base proton pump inhibitor 
suspension. Two patients had documented adverse effects 
associated with the use of the proton pump inhibitor sus- 
pension. In one patient, the mother reported increased burp- 45 
ing up and dyspepsia, which was thought to be related to 
treatment failure. The other patient bad small amotmts of 
bloody stools per mother. This patient never had his stool 
tested, as his bloody stool promptly resolved upon cessation 
of therapy, with no farther sequellae. The other 23 patients 50 
had no documented adverse effects. 

Patients were categorized based on review of clinic notes 
and chart review into general categories: (1) improved; (2) 
unchanged; (3) failed; and (4) inconclusive. Of 24 patients 
with sufiGcient data for follow up, 18 showed improvement 55 
in symptomatology upon commencement of proton pump 
inhibitor therapy [72%]. The seven who did not respond 
were analyzed and grouped. Three showed no change in 
symptomatology and clinical findings while on therapy, one 
complained of worsening symptoms while on therapy, one 60 
patient had therapy as prophylaxis for surgery, and two 
stopped therapy just after its commencement (see FIG. 8). 
Setting aside the cases in which therapy was stopped before 
conclusions could be drawn and the case in which proton 
pump inhibitor therapy was for purely prophylactic reasons, 65 
leaves (17/21) 81% of patients that responded to Choco- 
Base suspension. This means that 19% (4/21) of patients 



received no apparent benefit from proton pump inhibitor 
therapy. Of all these patients, only 4% complained of 
worsening symptoms and the side effects were 4% (1/21) 
and were mild bloody stool that completely resolved upon 
cessation of therapy 
Discussion. 

Gastroesophageal reflux disease in the pediatric popula- 
tion is relatively common, affecting almost 50% of new- 
boms. Even though most infants outgrow physiologic refiux, 
pathologic reflux still affects approximately 5% of all chil- 
dren throughout childhood. Recently considerable data has 
pointed to refiux as an etiologic factor in extra-esophageal 
areas, gastroesophageal refiux disease has been auributed to 
sinusitis, dental caries, otitis media, asthma, apnea, arousal, 
pneumonia, bronchitis, and cough, among others. Despite 
the common nature of reflux, there seems to have been little 
improvement in therapy for reflux, especially in the non- 
surgical arena. 

The standard of therapy for the treatment of gastroesoph- 
ageal reflux disease in the pediatric population has become 
a progression from conservative therapy to a combination of 
a pro-kinetic agent and H-2 blocker therapy. Nonetheless, 
many patients fail this treatment protocol and become sur- 
gical candidates. In adults, proton pump inhibitor therapy is 
effective in 90% of those treated for gastroesophageal reflux 
disease. As a medical alternative to the H-2 blockers, the 
proton pump inhibiting agents have not been smdied exten- 
sively in the pediatric population. Part of the reason for this 
lack of data may be related to the absence of a suitable 
dosage formulation for this very young population, prima- 
rily under 2 years of age, that does not swallow capsules or 
tablets. It would be desirable to have a true liquid formula- 
tion (solution or suspension) with good palatability such as 
is used for oral anubiotics, decongestants, antihistamines, 
H-2 blockers, cisapride, metoclopramide, etc. The use of 
lansoprazole granules (removed from the gelatin capule) and 
sprinkled on applesauce has been approved by the Food and 
Drug Administration as an alternative method of drug 
administration in adults but not in children. Published data 
are lacking on the ef5cacy of the lansoprazole sprinkle 
method in children. Omeprazole has been studied for 
bioequivalence as a sprinkle in adults and appears to pro- 
duce comparable serum concentrations when compared to 
the standard capsule. Again no data are available on the 
omeprazole sprinkle in children. An additional disadvantage 
of omeprazole is its taste which is quinine-like. Even when 
suspended in juice, applesauce or the like, the bitter namre 
of the medicine is easily tasted even if one granule is 
chewed. For this reason applicant evennially progressed to 
use lansoprazole in Choco-Base. Pantoprazole and rabepra- 
zole are available as enteric-coated tablets only. Currently, 
none of the proton pump inhibiting agents available in the 
United States are approved for pediatric use. There is some 
controversy as to what the appropriate dosage should be in 
this group of patients. A recent review by Israel D., et al. 
suggests that effective proton pump inhibitor dosages should 
be higher than that originally reported, i.e., from 0.7 mg/kg 
to 2 or 3 mg/kg omeprazole. Since toxicity with the proton 
pump inhibiting agents is not seen even at >50 mg/kg, there 
appears little risk associated with the higher dosages. Based 
on observations at the University of Missouri consistent with 
the findings of this review, applicant established a simple 
fixed dosage regimen of 10 ml Choco-Base suspension daily. 
This 10 ml dose provided 20 mg omeprazole or 23 mg 
lansoprazole. 

In the ICU setting, the University of Missouri-Coliunbia 
has been using an unflavored proton pump inhibitor suspen- 
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TABLE 1 



Symptoms 


Patient Ni 


Nasal: 


35 


Sinusitis 


7 


Congestion 


8 


Nasal discbarge 


16 


Other 


4 


Otologic: 


26 


Otitis Media 


37 


Otorrhea 


9 


Respiratory: 


34 


Cough 


10 


Wheeze 


13 


Respiratory Distress: 


5 


Pneumonia 


2 


Other 


6 


Gastrointestinal: 


10 


Abdominal Pain 


1 


Reflux/Vomiting 


A 


Other 


4 


Sleep Disturbances: 


11 


Other 


2 



15 



sioD given once daily per various tubes (nasogastric, g-tubc, 
jejunal feeding tube, duo tube, etc.) for stress ulcer prophy- 
laxis. It seemed only logical that if this therapy could be 
made into a palatable form, it would have many ideal drug 
characteristics for the pediatric population. First, it would be * 
liquid, and therefore could be administered at earlier ages. 
Second, if made flavorful it could help to reduce noncom- 
pliance. Third, it could afford once daily dosing, also helping 
in reducing noncompliance. In the process, applicant dis- 
covered that the dosing could be standardized, which nearly 
eliminated dosing complexity. 

Choco-Base is a product which protects drugs which are 
acid labile, such as proton pump inhibiting agents, from add 
degradation. The first few pediatric patients with reflux 
prescribed Choco-Base were sicker patients. They bad been 
on prior therapy and had been diagnosed both by pH probe 
and endoscopy. In the first few months, applicant treated 
patients with 10 mg of omeprazole qd (1 mg/kg) and found 20 
this to be somewhat ineffective, and quickly increased the 
dosing to 20 mg (2 mg/kg) of omeprazole. About halfway 
through the study, applicant began using lansoprazole 23 mg 
po qd. Applicant's standard therapy was then either 20 mg 
of omeprazole or 23 mg of lansoprazole once daily. The 
extra 3 mg of lansoprazole is related only to the fact that the 
final concentration was 2.25 mg/ml, and applicant desired to 
keep dosing simple, so he used a 10 ml suspension. 

The patients that were treated represented a tertiary care 
center population, and they were inherently sicker and 
refractory to medical therapy in the past. The overall 72% 
success rate is slightly lower than the 90% success rales of 
proton pump inhibiting agents in the adult population, but 
this can be attributed to the refiractory nature of their illness, 35 
most having failed prior non-proton pump inhibitor treat- 
ment. The population in this study is not indicative of 
general practice populations. 
Conclusion. 

Proton pimip inhibitor therapy is a beneficial therapeutic 
option in the treatment of reflux related symptoms in the 
pediatric population. Its once daily dosing and standard 
dosing scheme combined with a palatable formulation 
makes it an ideal pharmacologic agent. 
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TABLE 2 



Reflux Associated: 


12 


Premature 


5 


Picirc-Robin 


2 


Cerebral Palsy 


2 


I^wn Syndrome 


1 


Charcot-Marie-Tooth 


1 


Velocardiofacial Syodrome 


1 


Other Medical History 


12 


Cleft Palate 


3 


Asthma 


3 


Autism 


2 


Seizure Disorder 


1 


Diabetes Mellitus 


1 


Subglottic SleDosis 


1 


Tracheostomy Dependent 


1 




FORMULAHON 1 


PART A INGREDIENTS 


AMOUNT (mg) 


Omeprazole 


200 


Sucrose 


26000 


Sodium Bicarbonate 


9400 


Cocoa 


1800 


Com Syiup Solids 


6000 


Sodium Caseinate' 


1000 


Soy Ijccithiii 


150 


Sodium Chloride 


35 


Tricalcium Phosphate 


20 


D^>otassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium StearoyI Lactylate 


• 5 


PART B INGREDIENTS 


AMOUNT (ml) 


Distilled Water 


100 



COMPOUNDING INSTRUCHONS 



Add Part B to Part A to create a total volume of 
approximately 130 ml with an omeprazole 
concentration of about 1.5 mg/ml. 



45 



FORMUUmON 2 



PART A INGREDIENTS (mg) 



AMOUNT (mg) 



Sucrose 
Cocoa 

Com Syrup Solids 
Sodium Caseinate 
Soy Lecithin 
Sodium Chloride 
Tricalcium Phosphate 
Dipotassitmi Phosphate 
Silicon Dioxide 
Sodium StearoyI Lactylate 



26000 
3800 
6000 
1000 
150 
35 
20 
12 
5 
5 



PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Sodium Bicarbonate 


8400 mg 


Omeprazole 


200 mg 


COMPOUNDING INSTRUCHONS 


Mix the constituents of Part B together thoroughly 




and then add to Part A. This results in a total 




volume of approximately 130 ml with an omeprazole 




concentration of about 1.5 mg/ml. 





m 
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FORMULAnON 3 



PART A INGREDIENTS imti\ 


AMOUNT (mg) 


Sucrose 


26000 


Sodium Bicaifoonate 


9400 


Cocoa 


1800 


f^/sm Cvfim QnliHc 

\,tOru oyiup ouiioa 




Sodium Cftseinaie 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricaldum Phosphate 


20 


D^xxassium Phosphate 


12 


SUicoD Dioxide 


5 


Sodium Stcaroyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Omeprazole 


200 mg 



COMPOUNDING INSTRUCTIONS 



This foimulatioD is reconstituted at the time of use 
by a pharmadsL Part B is mixed fust and is then 
unifonnly mixed with the components of Pan A. A 
final volume of about 130 ml is created having an 
omeprazole concentration of abom 1.5 mg/ml. 



FORMUUmON 4 



PART A INGREDIENTS (mg) 


AMOUNT (mg) 


Sucrose 


26000 


Cocoa 


1800 


Cora Syrup Solids 


6000 


Sodium Caseinate 


1000 


Soy Lecithin 


150 


Sodium Chloride 


35 


Tricaldum Phosphate 


20 


Dipotassium Phosphate 


12 


Silicon Dioxide 


5 


Sodium Stcaroyl Lactylate 


5 


PART B INGREDIENTS 


AMOUNT 


Distilled Water 


100 ml 


Sodium Bicarbonate 


8400 mg 


Omeprazole 


200 mg 



COMPOUNDING INSTRUCTIONS 



This formulation is reconstituted at the time of use 
by a pharmacist. Part B is mixed first and is then 
uniformly mixed with the components of Part A. A 
final volume of about 130 ml is created having an 
omeprazole concentration of about 1.5 mg/ml. 

Id a]l four of the above formulations, lansoprazole or 
other proton pump inhibitor can be substituted for omepra- 
zole in equipotent amounts. For example, 300 mg of lanso- 
prazole may be substituted for the 200 mg of omeprazole. 
Additionally, aspartame can be substituted for sucrose, and 
the following other ingredients can be employed as carriers, 
adjuvants and excipients: maltodextrin, vanilla, 
carrageenan, mono and diglycerides, and lactated 
monoglycerides. One skilled in the art will appreciate that 
not aU of the ingredients are necessary to create a Choco- 
Base formulation that is safe and effective. 

Omeprazole powder or enteric-coated granules can be 
used in each formulation. If the enteric-coated granules are 
used, the coating is either dissolved by the aqueous diluent 
or inactivated by trituration in the compounding process. 



Applicant additionally analyzed the effects of a lansopra- 
zole Choco-Base fonoaulation on gastric pH using a pH 
meter (Fisher Scientific) in one adult patient versus lanso- 
prazole alone. The patient was first given a 30 mg oral 

5 capsule of lansoprazole (Prevacid®), and the patient's gas- 
tric pH was measured at 0, 4, 8, 12, and 16 hours post dose. 
The results are illustrated in FIG. 4. 

The ChocoBase product was compounded according to 
Formulation 1 above, except 300 mg of lansoprazole was 

10 used instead of omeprazole. A dose of 30 mg lansoprazole 
Choco-Base was orally administered at hour 18 post lanso* 
prazole alone. Gastric pH was measured using a pH meter at 
hours 18. 19, 24, 28, 32, 36, 40, 48, 52, and 56 post 
lansoprazole alone dose. 

15 FIG. 4 illustrates the lansoprazole/coooa combination 
resulted in higher pH, at hours 1^56 than lansoprazole 
alone at hotirs 4-18. Therefore, the combination of the 
lansoprazole with chocolate enhanced the pharmacologic 
activity of the lansoprazole. The results establish that the 

20 sodium bicarbonate as weU as chocolate flavorii^ and 
calcium were all able to stimulate the activation of the 
proton pumps, perhaps due to the release of gastrin. Proton 
pump inhibiting agents work by functionally inhibiting the 
proton pump and effectively block activated proton pumps 

25 (primarily those inserted into the secretory canalicular 
membrane). By further administering the proton pump 
inhibitor with one of these activators or enhancers, there is 
a synchronization of activation of the proton pump with the 
absorption and subsequent parietal cell concentrations of the 

30 proton pump inhibitor. As illustrated in FIG. 4, this combi- 
nation produced a much longer pharmacologic effect than 
when the proton pump inhibitor was administered alone. 

Example VI 

Combination Tablet Delivering Bolus And lime-Released 
Doses of Proton Pump Inhibitor 

Tablets were compounded using known methods by form- 
ing an inner core of 10 mg omeprazole powder mixed with 
750 mg sodium bicarbonate, and an outer core of 10 mg 
omeprazole enteric-coated grantiles mixed with known 
binders and excipients. Upon ingestion of the whole tablet, 
the tablet dissolves and the inner core is dispersed in the 
stomach where it is absorbed for immediate therapeutic 
effect. The enteric-coated granules are later absorbed in the 
duodenum to provide symptomatic relief later in the dosing 
cycle. This tablet is particularly useful in patients who 
experience breakthrough gastritis between conventional 
doses, such as while sleeping or in the early morning hours. 

Example VII 

50 Therapeutic Application. 

Patients were evaluable if they met the following criteria: 
bad two or more risk factors for SRMD (mechanical 
ventilation, head injury, severe bum, sepsis, multiple 
trauma, adult respiratory distress syndrome, major surgery, 

55 acute renal failure, multiple operative procedures, 
coagulotherapy, significant hypertension, acid -base disorder, 
and hepatic failure), gastric pH of §4 prior to study entry, 
and no concomitant prophylaxis for SRMD. 
The omeprazole solution was prepared by mixing 10 ml 

60 of 8.4% sodium bicarbonate with the contents of a 20 mg 
capsule of omeprazole (Merck & Co. Inc^ West Point, Pa.) 
to yield a solution having a final omeprazole concentration 
of 2 mg/ml. 

Nasogastric (ng) tubes were placed in the patients and an 
65 omeprazole dosage protocol of buffered 40 mg omeprazole 
solution (2 mg omeprazole/1 ml NaHC03-8.4%) followed 
by 40 mg of the same buffered omeprazole solution in eight 
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hours, then 20 mg of the same buffered omeprazole solution 
per day, for five days. After each buffered omeprazole 
solution administration, nasogastric suction was turned off 
for thirty minutes. 

Eleven patients were evaluable. All patients were 
mechanically ventilated. Two hours after the initial 40 mg 
dose of buffered omeprazole solution, all patients had an 
increase in gastric pH to greater than eight as shown in FIG. 
1. Ten of the eleven patients maintained a gastric pH of 
greater than or equal to four when administered 20 mg 
omeprazole solution. One patient required 40 mg omepra- 
zole solution per day (closed head injury, five total risk 
factors for SRMD). TWo patients were changed to omepra- 
zole solution after having developed clinically significant 
upper gastrointestinal bleeding while receiving conventional 
intravenous -antagonists. Bleeding subsided in both cases 
after twenty-four hours. GinicaUy significant upper gas- 
trointestinal bleeding did not occur in the other nine patients. 
Overall mortality was 27%, mortality attributable to upper 
gastrointestinal bleeding was 0%. Pneumonia developed in 
one patient after initiating omeprazole therapy and was 
present upon the initiation of omeprazole therapy in aiK)ther 
patient. The mean length of prophylaxis was five days. 

Apharmacoeconomic analysis revealed a difference in the 
total cost of care for the prophylaxis of SRMD: 

ranitidine (21antac®) continuous infusion inu-avenoxisly 
(150 mg/24 hours)xfive days $12550; 

cimetidine (Tagamet®) continuous infusion inU-avenously 
(900 mg/24 hours)xfive days $109.61; 

sucralfate one g slurry four times a day per (ng) tubexfive 
days S73.00; and 

buffered omeprazole solution regimen per (ng) tubexfive 
days $65.70. 

This example iUustrates the efficacy of the buffered ome- 
prazole solution of the present invention based on the 
increase in gastric pH, safety and cost of the buffered 
omeprazole solution as a method for SRMD prophylaxis. 

Example VlII 

Effect on pH. 

Experiments were carried out in order to determine the 
effect of the omeprazole solution (2 mg omeprazole/1 ml 
NaHC03-8.4%) administration on the accuracy of subse- 
quent pH measurements through a nasogastric tube. 

After preparing a total of 40 mg of buffered omeprazole 
solution, in the manner of Example VI], doses were admin- 
istered into the stomach, usually through a nasogastric (ng) 
tube. Nasogastric tubes fi-om nine different institutions were 
gathered for an evaluation. Artificial gastric fluid (gf) was 
prepared according to the USE pH recordings were made in 
triplicate using a Microcomputer Portable pH meter model 
6007 (Jenco Electronics Ltd., Taipei, Taiwan). 

First, the terminal portion (tp) of the nasogastric tubes was 
placed into a glass beaker containing the gastric fluid. A 5 ml 
aliquot of gastric fluid was aspirated through each tube and 
the pH recorded; this was called the "pre-omeprazole 
solution/suspension measurement." Second, the terminal 
portion (tp) of each of the nasogastric tubes was removed 
from the beaker of gastric fluid and placed into an empty 
beaker. Twenty (20) mg of omeprazole solution was deliv- 
ered through each of the nasogastric tubes and flushed with 
10 ml of tap water. The terminal portion (tp) of each of the 
nasogastric tubes was placed back into the gastric fluid. 
After a one hour incubation, a 5 ml aliquot of gastric fluid 
was aspirated through each nasogastric tube and the pH 
recorded; this was called the '* after first dose SOS 
[Simplified Omeprazole Solution] measuremeot/' Third. 
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after an additional hour bad passed, the second step was 
repeated; this was called the '*aftcr second dose SOS 
[Simplified Omeprazole Solution] measurement/' In addi- 
tion to the pre-omeprazole measurement, the pH of the 

5 gastric fluid was diecked in uiphcate after the second and 
third steps. A change in the pH measurements of +/-Q3 units 
was considered significant. The Friedman test was used to 
compare the results. The Friedman test is a two way analysis 
of variance which is used when more than two related 

10 samples are of interest, as in repeated measurements. 

The results of these experiments are outlined in Table 3. 
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Qgl 


ng2 


ng3 


ng4 


Qg5 


ng6 


ng7 


ngS ng9 


t3]gf 


1.3 


13 


33 


13 


13 


13 


13 


13 33 
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SOS 


















(2]gfp 
1" dose 


1.3 


13 


13 


13 


33 


13 
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1.3 


13 
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1.4 


1.4 


13 
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Table 3 illustrates the results of the pH measurements that 
were taken during the course of the experiment. These 
results illustrate that there were no statistically significant 
latent effects of omeprazole solution administration (per 
nasogastric tube) on the accuracy of subsequent pH mea- 
surements obtained through the same nasogastric tube. 

Example IX 

Efficacy of Buffered Omeprazole Solution in Ventilated 
Patients. 

40 Experiments were performed in order to determine the 
efficacy, safety, and cost of buffered omeprazole solution in 
mechanically ventilated critically ill patients who have at 
least one additional risk factor for stress-related mucosal 
damage. 

45 Patients: Seventy*fivc adult, mechanically ventilated 
patients with at least one additional risk factor for stress- 
related mucosal damage. 

Interventions: Patients received 20 ml omeprazole solu- 
tion (prepared as per Example V]] and containing 40 mg of 

50 omeprazole) initiaUy, followed by a second 20 ml dose six 
to eight hours later, then 10 ml (20 mg) daily. Omeprazole 
solution according to the present invention was administered 
through a nasogastric tube, followed by 5-10 ml of tap 
water. The nasogastric tube was clamped for one to two 

55 hours after each administration. 

Measurements and Main Results: The primary outcome 
measure was clinically significant gastrointestinal bleeding 
determined by endoscopic evaluation, nasogastric aspirate 
examination, or hemc-positive coffee ground material that 

60 did not clear with lavage and was associated with a five 
percent decrease in hematocrit. Secondary efficacy measures 
were gastric pH measured four hours after omeprazole was 
first administered, mean gastric pH after omeprazole was 
started, and the lowest gastric pH during omeprazole 

65 therapy. Safety-related outcomes included the incidence of 
adverse events and the incidence of pneumonia. No patient 
experienced clinically significant upper gastrointestinal 
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bleeding after receiving omeprazole suspension. The four- 
hour post omeprazole gastric pH was 7.1 (mean), the mean 
gastric pH after starting omeprazole was 6.8 (mean) and the 
lowest pH after starting omeprazole was 5.6 (mean). The 
incidence of pneumonia was twelve percent. No patient in 5 
this high-risk population experienced an adverse event or a 
drug interaction that was attributable to omeprazole. 

Conclusions: Omeprazole solution prevented clinically 
significant upper gastrointestinal bleeding and maintained 
gastric pH above 5.5 in mechanically ventilated critical care 
patients without producing toxicity. 
Materials and Methods: 

The smdy protocol was approved by the Institutional 
Review Board for the University of Missouri at Columbia. 

Study Population: All adult (>18 years old) patients 
admitted to the surgical intensive care and bum unit at the 15 
University of Missouri Hospital with an intact stomach, a 
nasogastric tube in place, and an anticipated intensive care 
unit stay of at least forty-eight hours were considered for 
inclusion in the study. To be included patients also had to 
have a gastric pH of <4, had to be mechanically ventilated 
and have one of the following additional risk factors for a 
minimum of twenty-four hours after initiation of omeprazole 
suspension: head injury with altered level of consciousness, 
extensive bums (>20% Body Surface Area), acute renal 
failure, acid-base disorder, multiple trauma, coagulopathy, 
multiple operative procedures, coma, hypotension for longer ^ 
than one hour or sepsis (see Table 4). Sepsis was defined as 
the presence of invasive pathogenic organisms or their 
toxins in blood or tissues resulting in a systematic response 
that included two or more of the following: temperature 
greater than 38^ C. or less than 36^ C, heart rate greater than 30 
90 beats/minute, re^iratory rate greater than 20 breaths/ 
minute (or ^Oj less than 75 mm Hg), and white blood cell 
count greater than 12,000 or less than 4,000 cells/mm^ or 
more than 10 percent bands (Bone, Let's Agree on Termi- 
nology: Defininons of Sepsis, CRIT. CARE MED., 19:27 35 
(1991)). Patients in whom Hj-antagonist therapy had failed 
or who experienced an adverse event while receiving 
H2 -antagonist therapy were also included. 

Patients were excluded from the study if they were 
receiving azole antifungal agents through the nasogastric 
tube; were likely to swallow blood (e.g., facial and/or sinus ^ 
fractures, oral lacerations); bad severe thrombocytopenia 
(platelet count less than 30,000 cells/mm^); were receiving 
enteral feedings through the nasogastric tube; or had a 
history of vagotomy, pyloroplasty, or gastroplasty. In 
addition, patients with a gastric pH above four for forty- 45 
eight hours after ICU admission (without prophylaxis) were 
not ehgible for participation. Patients who developed bleed- 
ing within the digestive tract that was not stress-related 
mucosal damage (e.g., endoscopicaUy verified variceal 
bleeding or MaUory-Weiss tears, oral lesions, nasal tears due 50 
to placement of the nasogastric tube) were excluded from 
the efBcacy evaluation and categorized as having non-stress- 
related mucosa] bleeding. The reason for this exclusion is 
the confounding effect of non-stress-related mucosal bleed- 
ing on efQcacy-related outcomes, such as the use of naso- 
gastric aspirate inspection to define clinically significant 
upper gastrointestinal bleeding. 

Study Dmg Administration: Omeprazole solution was 
prepared immediately before administration by the patient's 
nurse using the following instructions: empty the contents of 
one or two 20 mg omeprazole capsule(s) into an empty 10 ^ 
ml syringe (with 20 gauge needle in place) from which the 
plunger has been removed. (Omeprazole delayed-re lease 
capsules. Merck & Co., Inc., West Point, Pa.); replace the 
plunger and uncap the needle; withdraw 10 ml of 8.4% 
sodium bicarbonate solution or 20 ml if 40 mg given (Abbott 65 
Laboratories, North Chicago, 111.), to create a concentration 
of 2 mg omeprazole per ml of 8.4% sodium bicarbonate; and 



allow the enteric coated pellets of omeprazole to completely 
breakdown, 30 minutes (agitation is helpful). The omepra- 
zole in the resultant preparation is partially dissolved and 
partially suspended. The preparation should have a milky 
white appearance with fine sediment and should be shaken 
before administration. The solution was not administered 
with acidic substances. A high-pressure liquid chromatog- 
raphy study was performed that demonstrated that this 
preparation of simplified omeprazole suspension main- 
iains>90% potency for seven days at room temperature. This 
preparation remained free of bacterial and fungal contami- 
nation for thirty days when stored at room temperature (See 
Table 7). 

The initial dose of omeprazole solution was 40 mg, 
followed by a second 40 mg dose six to eight hours later, 
then a 20 mg daily dose administered at 8:00 AM. Each dose 
was administered through the nasogastric tube. The naso- 
gastric tube was then flushed with 5-10 ml of tap water and 
clamped for at least one hour. Omeprazole therapy was 
continued until there was no longer a need for stress ulcer 
prophylaxis (usually after the nasogastric tube was removed 
and the patient was taking water/food by mouth, or after the 
patient was removed from mechanical ventilation). 

Primary Outcome Measures: The primary outcome mea- 
sure in Uiis smdy was the rate of clinically significant 
stress-related mucosal bleeding defined as endoscopic evi- 
dence of stress-related inucosal bleeding or bright red blood 
per nasogastric tube that did not clear after a 5 -minute lavage 
or persistent Gastroccult (SmithKline Diagnostics, 
SunnyviUe, Calif.) positive coffee ground material for four 
consecutive hours that did not clear with lavage (at least 100 
ml) and produced a 5% decrease in hematocrit. 

Secondary Outcome Measures: The secondary ef&cacy 
measures were gastric pH measured four hours after ome- 
prazole was administered, mean gastric pH after starting 
omeprazole and lowest gastric pH during omeprazole 
administration. Gastric pH was measiu-ed immediately after 
aspirating gastric contents through the nasogastric mbe. pH 
paper (pHydrion improved pH papers, Microessential 
Laboratory, Brooklyn, N.Y.) was used to measure gastric 
aspirate pH. The pH range of the test strips was 1 to 11, in 
increments of one pH unit. Gastric pH was measived before 
the initiation of omeprazole solution therapy, immediately 
before each dose, and every four hours between doses. 

Other secondary outcome measures were incidence of 
adverse events (including drug interactions) and pneumonia. 
Any adverse event that developed during the study was 
recorded. Pneumonia was defined using indicators adapted 
from the Centers for Disease Prevention and Control defi- 
nition of nosocomial pneumonia (Gamer et al., 1988). 
According to these criteria, a patient who has pneumonia is 
one who has rates or dullness to percussion on physical 
examination of the chest or has a chest radiograph that 
shows new or progressive infiltrate(s), consolidation, 
cavitation, or pleural effusion and has at least two of the 
following present: new purulent sputimo or changes in 
character of the ^unim, an organism isolated fr^m blood 
culture, fever or leukocytosis, or evidence of infection from 
a protective specimen brush or bronchoalveolar lavage. 
Patients who met the criteria for pneimaonia and were 
receiving antimicrobial agents for the treatment of pneumo- 
nia were included in the pneumonia incidence figure. These 
criteria were also used as an initial screen before the first 
dose of study drug was administered to determine if pneu- 
monia was present prior to the start of omeprazole suspen- 
sion. 

Cost of Care Analysis: A pharmacoeconomic evaluation 
of stress ulcer prophylaxis using omeprazole solution was 
performed. The evaluation included total drug cost 
(acquisition and administration), actual costs associated with 
adverse events (e.g., psychiatry consultation for mental 
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confusioo), costs associated with clinically significant upper upper gasuoiotestinal bleeding. In four of the five patients 

gastrointestinal bleeding. Total drug cost was calculated by who had developed upper gastrointestinal bleeding before 

adding the average institutional costs of omeprazole 20 mg study entry, bleeding diminished to the presence of occult 

capsules. 50 ml sodium bicarbonate vwls. and 10 ml yood only (GastroMult-positive) within eighteen hours of 

syringes with needle; nursme time (drug admmislration dH • puaiu , ^mi «i(^ic«u uumo 

mSring); pham^acy tinif (^nig prfpa^^^^^^^ ' siamng omeprazole sohiuon; ble^^^ 

posal costs. Costs associated w§h clinicaDy significaDt ihirty-six hours. The ovcraU mortably rate id this 

upper gastrointestinal bleeding included endoscopy charges S'^"? °^ critically Ul patients was eleven percent. No death 

and accompanying consultation fees, procedures required to attributable to upper gastrointestinal bleeding or the use 

stop the bleeding (e.g., surgery, hemostatic agents, cndo- of omeprazole sohition. 

scopic procedures), increased hosp^^^ (as lo Gastric pH: The mean (^standard deviation) pre- 

assessed by the attending physiaan), and cost of drugs used omeprazole gastric pH was 3.5±1.9. Within four hours of 

to trea the g^trointesunal bleeding. omeprazole adminisiration, the gastric pH rose to 7.1±1.1 

Statisucal Analysis: .l^e paired t-test (two-Uiled) was ^^J^^^ ^^^^^^ was signifiLt 0x0.001) Tlie 

used to compare gastnc pH before and after omeprazole f^j^ y^ix^xs,ix^ az» aiguiuwiui ^l^^w.wi^. juc 

solution administration and to compare gastric pH before ^l^^rences between pre-omeprazolc gastnc pH and the 

omeprazole solution administration with the mean and low- mean and lowest gastnc pH mc^urcments dunng oincpra- 

est gastric pH value measured after beginning omeprazole. admmisirauon (6.8*0.6 and 5.6±L3, respectively) were 

Results: statistically significant (p<0.001). 

Seventy -seven patients met the inclusion and exclusion Safety: Omeprazole solution was well tolerated in this 
criteria and received omeprazole solution (See FIG. 2). Two group of critically ill patients. Only one patient with sepsis 
patients were excluded from the efficacy evaluation because ^ experienced an adverse event that may have been drug- 
thc protocol for omeprazole administration was not fol- related thrombocytopenia. However, the platelet count con- 
lowed. In one case, the omeprazole enteric-coated pellets tinued to fall after omeprazole was stopped. The platelet 
had not completely broken down prior to the adminisiration count then returned to normal de^ite rcinstitution of ome- 
of the first two doses, which produced an erratic effect on prazole therapy. Of note, one patient on a jet ventilator 
gastric pH. The gastric pH increased to above six as soon as 25 continuously expeUed all liquids placed in her stomach up 
the patient was given a dose of omeprazole solution (in o^t through her mouth, and thus was unable to continue 
which the enteric coated peDets of omeprazole had been ^n omeprazole. No cUnically significant drug interactions 
allowed to completely breakdown). omeprazole were noted diuing the study period. As 

The reason for the second exclusion was that nasogastnc ^jj..^ , , lu i • . i 

suctioning was not turned off after the omeprazole doli was 30 metabohc alkaloas is a potenUal concern in 

administered. This resulted in a transient effect on gastric sodium bicari>onate. However, the amount 

pH. The suaion was mraed off with subsequent omeprazole ofjodinm bicarbonate m omeprazole soluUon was anall (12 

doses, and control of gastric pH was achieved. Two patients ^^1"^^ ml) and no electrolyte abnormahtics were found, 

were considered efBcacy failures because omeprazole failed Pneumonia: Pneumonia developed in nine (12%) patients 

to maintain adequate gastric pH control on the standard 35 receiving omeprazole solution. Pneumonia was present in an 

omeprazole 20 mg/day maintenance dose. When the ome- additional five patients before the start of omeprazole 

prazole dose was increased to 40 mg/day (40 mg oooe/day therapy. 

or 20 mg twice/day), gastric pH was maintained above four Pharmacoeconomic evaluation: The average length of 

m both patients. These two patients were included in the treatment was nine days. The cost of care dau arc listed in 

sately ^and ctucacy evaluations, including the gastnc pH ^^y^^^^ 5 

costs of druc acauisition. nrenaration. 

analysis. After the two patients were declared failures, thcu- „„j a^w, . ^ . j *- 1 * j • .1. 

pH values were no longer followed. ^'^^.^^ f tradiUonal agents used in the 

The ages of the remaining seventy-five patients ranged Prophylaxis of stress^lated upper gastrointesUnal bleeding 

from eighteen to eighty-sevcn years; forty-two patients were ^^''^^^ ^' °° ^^'^^ ^^'"^^^y 

male and thirty-three were female. All patients were associated with omeprazole soluuon. Since two of seventy- 

mechanicaUy ventilated during the study. Table 4 shows the 45 five patients required 40 mg of omeprazole solution daily to 

frequencyofrisk factors for stress-related bleeding that were adequately control gasuic pH, the acquisition/preparation 

exhibited by the patients in this study. The most common *^osi should reflect this. The additional 20 mg of omeprazole 

risk factors in this population were mechanical ventilation with vehicle adds seven cents per day to the cost of care, 

and major surgery. The range of risk factors for any given Therefore, the daily cost of care for omeprazole sohition in 

patient was two to ten, with a mean of 3 (±1) (standard 50 tbe prophylaxis of stress-related mucosal bleeding was 

deviation). Five patients enrolled in the study bad developed $12.60 (See Table 6). 

cUnicaUy significant bleeding while receiving continuous Omeprazole solution is a safe and effective therapy for the 

infusions of ranitidine (150 ing/24 hr) or dmetidine (900 prevention of clinically significant stress-related mucosal 

mg/24 hr). In all five cases, the bleeding subsided and the bleeding in critical care patients. The contribution of many 

gastnc pH rose to above five within thirty-six hours after ^sk factors to stress-related mucosal damage has been 

mitiating omeprazole therapy. Tliree patients were enro led challenged recently. All of the patients in this smdy bad at 

after having developed two consecutive gastnc pH values J" ■ i f / ,u . u ; , 1L 

below three while ri^iving an H,-antagonisl (in the doses ^^^"^^ ^^^^ 

outHned above). In aU three cases, gastric pH rose to above sjress-related mucosal damage— mechanical ventilation, 

five within four hours after omeprazole therapy was initi- ^^^^ ^^^^ ^ ^^^^^^ published study 

ated. Four other patients were enrolled in this study after ^ ^^^^ ^'^^^ ^^"^^ prophylaxis is of proven benefit in 

experiencing confusion (n-2) or thrombocvtopenia (n-2) patients at risk and, therefore, it was thought to be unethical 

during H.-antigens therapy. Within thirty-six hours of include a placebo group in this study. No clinicaUy 

switching therapy, these adverse events resolved. significant upper gastrointestinal bleeding occurred during 

Stress-related Mucosal Bleeding and Mortality: None of omeprazole solution therapy. Gastric pH was maintained 

the sixty-five patients who received buffered omeprazole 65 above 4 on omeprazole 20 mg/day in seventy-three of 

solution as their initial prophylaxis against stress-related seventy-five patients. No adverse events or drug interaction 

mucosal bleeding developed oven or clinically significant associated with omeprazole were encountered. 
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TABLE 4 



Mech 
Vent 


Major 
Surgery 


Multitrauma 


Head 
Injury 


HypoiensioD 


Reaal 
Failure 


Sepsis 


Multiple 
Operation 


Add/ 
Base 


Coma 


Liver 
Failure 


Bum 


75 


61 


35 


16 


14 


14 


14 


12 


10 


4 


2 


2 


Mecb 
Vent 


Major 
Surgery 


Multitrauma 


Head 
Injury 


HypotensioD 


Reaal 
Failure 


Sepsis 


Multiple 
Operation 


Add/ 
Base 


Coma 


Liver 
Failure 


Bum 


75 


61 


35 


16 


14 


14 


14 


12 


10 


4 


2 


2 



Risk factois present in patients in this study (n ■» 75) 



TABLE 5 



15 



TABLE 6-coDtiDued 



Per day 



RANITIDINE (day 1-9) 






Rantidioe 


150 mg/24 hr 


6.15 


Andllaiy Product (1) 


Piggyback (60%) 


0.75 


Andllary Product (2) 


micro tubing (etc.) 


ZOO 


Ancillary Product (3) 


filter 


0.40 


Sterile Prep required 


yes 




R.N. time ($24/hr) 


20 minutes/day (includes pH 


8.00 




monitoring) 




R.Ph. time, hood mainL 


3 minutes ($40/hr) 


2.00 


Pun^ cost 


$29/24 bn X 50%) 


14.50 


TOTAL for 9 days 




304.20 


RANTITDINE Cost per day 




33.80 


CIMEnDINE (day 1-9) 






CisKtidise 


900 mg/24 hr 


3.96 


Ancillary Product (1) 


Piggyback 


1.25 


Ancillary Product (2) 


micro tubing (etc.) 


ZOO 


Ancillary Product (3) 


filter 


0.40 


Sterile E^ep required 


yes 


8.00 


R.N. time ($24/hr) 


20 minutes/day (includes pH 






monitoring) 




R.Ph. time» hood maint. 


3 minutes ($40/hr) 


ZOO 


Pump cost 


$29/24 his X 50%) 


14.50 


TOTAL for 9 days 




288.99 


CIMETIDINE Cost per day 




3Z11 


SUCRALFATE (day 1-9) 






Sucralfate 


1 gx 4 


Z40 


Ancillary Product (1) 


syringe 


0.20 


Sterile Prep required 


no 




R.N. time ($24/hr) 


30 minutes/day (includes pH 


IZOO 




monitoring) 




TOTAL for 9 days 




131.40 


SUCRALFATE Cost per day 




14.60 



Note: 

Does not include the cost of foihire and/or adverse effect. 
Acquisition, preparation and delivery costs of traditional agents. 



TABLE 6 



The average length of treatment was 9 days. Cost 
of care was calculated from these date 



Per Day Total 



OMEPRAZOLE (day 1) 








Product acquisition cost 


40 mg load x 2 (5.66/dose) 




11.32 


Ancillary product 


materials for solution 


0.41 


0.41 




preparation 






Ancillary product 


syringe w/needle 


0.20 


0.40 


Sterile preparation 


no 






required 


6 minutes 


2.40 


4.80 


SOS preparation time 


21 minutes/day (includes pH 


8.40 


8.40 


(R.N.) 


monitoring) 






R.N. time ($24/hr) 









25 



30 



50 



The average length of treatmem was 9 days. Cost 
of care was calculated from these date 



20 



Per Day Total 



OMEPRAZOLE (days 
2-9) 

Product acqusition cost 
Andllary product 



20 mg per day 
materials for solution 
preparation 
syringe w/needle 
no 

6 minutes 

18 minutes/day (indudea pH 
monitoring) 



Andllary product 
Sterile preparation 
required 

SOS preparation time 
(R.N.) 

R.N. time ($24/hi) 
2/75 patient require 40 mg simplified omepaizole solution per 
day (days 2-9) 

No additional cost for adverse effects or for failure 
TOTAL 

Simplified Omeipiazole Solution cost per day 



35 Phaimacoeconomic evaluation of omeprazole cost of care 



2.80 


22.65 


0.41 


0^ 


0.20 


1.60 


2.40 


4^ 


8.40 


57.60 



TABLE 7 



40 



Time 



Control 1 hour 24 hour 2 day 7 day 14 day 



Cone (mg/ml) 2.01 Z07 1.94 



1.96 



1.97 



1.98 



Stability of Simplified Omeprazole Solution at room temperature (25° C) 
45 Values are the mean of three samples 



Example X 

Bacteriostatic and Fungistatic Effects of Omeprazole Solu- 
tion 



The antimicrobial or bacteriostatic effects of the omepra- 
zole solution were analyzed by applicant. An omeprazole 
solution (2 mg/ml of 8.4% sodium bicaibonate) made 
according to the present invention was stored at room 
55 temperature for four weeks and then was analyzed for fungal 
and bacterial growth. Following four weeks of storage at 
room temperature, no bacterial or fungal growth was 
detected. 

An omeprazole solution (2 mg/ml of 8.4% sodium 
1^ bicarbonate) made in accordance with the present invention 
was stored at room temperature for twelve weeks and then 
was analyzed for fungal and bacterial growth. After twelve 
weeks of incubation at room temperature, no fungal or 
bacterial growth was detected. 
65 The results of these experiments illustrate the bacterio- 
static and fungistatic characteristics of the omeprazole solu- 
tion of the present invention. 
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Example XI 

A. Bioequivalency Study. 

Healthy male and female study participants over the age 
of 18 will be randomized to receive omeprazole in the 
following forms: 5 

(A) 20 mg of a liquid formulation of approximately 20 mg 
omeprazole in 4.8 mEq sodium bicarbonate qs to 10 ml 
with water, 

(B) 20 mg of a liquid formulation of approximately 2 mg 
omeprazole per 1 ml of 8.4% sodium bicarbonate. 

(Q Prilosec® (omeprazole) 20 mg capsule; 
(D) Capsule prepared by inserting non-enleric coated 
omeprazole 20 mg into a #4 empty gelatin capsule 
(Lilly) uniformly dispersed in 240 mg of sodium bicar- 15 
bonate powder USP to form an inner capsule. The inner 
capsule is then inserted into a #00 empty gelatin 
capsule (Lilly) together with a homogeneous mixture of 
600 mg sodium bicarbonate USP and 110 mg prege la- 
tinized starch NF. 20 
After appropriate screening and consent, healthy volun- 
teers will be randomized to receive one of the following foiu 
regimens as randomly assigned by Latin Square. Each 
subject will be crossed to each regimen according to the 
randomization sequence until all subjects have received all 25 
four regimens (with one week separating each regimen). 

Regimen A (20 mg omeprazole in 4.8 m£q sodium 
bicarbonate in 10 ml volume); Regimen B (20 mg omepra- 
zole in 10 ml 8.4% soditma bicarbonate in 10 ml volume); 
Regimen C (an intact 20 mg omeprazole capsule); Regimen 30 
D (Capsule in capsule formulation, see above). For each 
dose/week, subjects will have an i.v. saline lock placed for 
blood sampling. For each regimen, blood samples will be 
taken over 24 hours a total of 16 times (with the last two 
specimens obtained 12 hours and 24 hours after drug 35 
administration). 

B. Patient Eligibility 

Four healthy females and four healthy males will be 
consented for the study. 

C. Inclusion Criteria 4q 
Signed informed consent. 

D. Exclusion Criteria 

1. Currently taking Hj-receptor antagonist, antacid, or 
sucralfate. 

2. Recent (within 7 days) therapy with lansoprazole, 45 
omeprazole, or other proton pump inhibitor. 

3. Recent (within 7 days) therapy with warfarin. 

4. History of variceal bleeding. 

5. History of peptic ulcer disease or currently active G.I. 
bleed. so 

6. History of vagotomy or pyloroplasty. 

7. Patient has received an investigational drug within 30 
days. 

8. Treatment with keloconazole or itraconazole. 

9. Patient has an aUcrgy to omeprazole. 55 
E. Pharmocokinetic Evaluation and Statistical Analysis 

Blood samples will be centrifuged within 2 hours of 
collection and the plasma will then separated and frozen at 
-10* C. (or lower) until assayed. Pharmacokinetic variables 
will include; time to peak concentration, mean peak 60 
concentration, AUC (0-t) and (0-infinity). Analysis of vari- 
ance will be used to detect statistical difference. Bioavail- 
ability will be assessed by the 90% confidence interval of the 
two one-sided tests on the namral logarithm of AUC. 
R HPLC Analysis 65 

Omeprazole and internal standard (H 168/24) will be used. 
Omeprazole and internal standard will be measured by 



modification of the procedure described by Amantea' and 
Narang. (Amantea Mass., Narang PK. Improved Procedure 
for Quaniificaticm of Omeprazole and Metabolites Using 
Reversed-Phased High Performance Liquid Chromatogra- 
phy. J. CHROMATOGRAPHY 426; 216-222 (1988)). 
Briefly, 20 ul of omeprazole 2 mg/ml NaHCOj or Choco- 
Base omeprazole suspension and 100 ul of the internal 
standard are vonexed with 150 ul of carbonate buffer 
(pH-9.8), 5 ml of dichloroethane, 5 ml of hexane, and 980 
ul of sterile water. After the sample is centrifuged, the 
organic layer is extracted and dried over a nitrogen stream. 
Each pellet is reconstituted with 150 ul of mobDe phase 
(40% methanol, 52% 0.025 phosphate buffer, 8% 
acetonitrilc, pH-7.4). Of the reconstituted sample, 75 ul is 
injected onto a C^s 5 U column equilibrated with the same 
mobile phase at 1.1 ml/min. Under these conditions, ome- 
prazole is e luted at approximately 5 minutes, and the internal 
standard at approximately 7.5 minutes. The standard curve 
is linear over the concentration range 0-3 mg/ml (in previ- 
ous work with SOS), and the between-day coefficient of 
variation has been <8% at all concentrations. The typical 
mean R^ for the standard curve has been 0.98 in prior work 
with SOS (omeprazole 2 mg/ml NaHCOj 8.4%). 

i^>plicant expects that the above experiments will dem- 
onstrate there is more rapid absorption of formulations (a), 
(b) and (d) as compared to the enteric coated granules of 
formulation (c). Additionally, applicant expects that 
although there will be a difference in the rates of absorption 
among forms (a) through (d), the extent of absorption (as 
measured by the area under the curve (AUQ) should be 
similar among the formulations (a) through (d). 

Example XIl 

Intraveneous Proton Pump Inhibitor in Combination With 
Oral Parietal Cell Activator 

Sixteen (16) normal, healthy male and female smdy 
subjects over the age of 18 will be randomized to receive 
pantoprazole as follows: 

(a) 40 mg IV over 15 to 30 minutes in combination with 
a 20 ml oral dose of sodium bicarbonate 8.4%; and 

(b) 40 mg IV over 15 to 30 minutes in combination with 
a 20 ml oral dose of water. 

The subjects will receive a single dose of (a) or (b) above, 
and will be crossed-over to (a) and (b) in random fashion. 
Serum concentrations of pantoprazole versus time after 
administration data will be coUected, as well as gastric pH 
control as measured with an indwelling pH probe. 

Further, similar smdies are contemplated wherein choco- 
late or other parietal ceU activator is substituted for the 
parietal ceU activator sodium bicarbonate, and other proton 
punap inhibiting agents are substituted for pantoprazole. The 
parietal cell activator can be administered either within 
about 5 minutes before, during or within about 5 minutes 
after the IV dose of proton pump inhibitor. 

Applicant expects that these smdies will demonstrate that 
significantly less IV proton pump inhibitor is required to 
achieve therapeutic effect when it is given in combination 
with an oral parietal cell activator. 

Additionally, administration kits of IV proton pump 
inhibitor and oral parietal cell activator can be packaged in 
many various forms for ease of administration and to 
optimize packing and shipping the product. Such kits can be 
in unit dose or multiple dose form. 

Example XIII 
Six (6) Month Stability of Omeprazole Suspension. 

A suspension was prepared by mixing 8.4% sodium 
bicarbonate with omeprazole to produce a final concentra- 
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tioD of 2 mg/ml to deteimine the stability of omeprazole 
solution after 6 months. The resultant preparation was stored 
in clear glass at room temperature, refrigerated and frozen. 
Samples were drawn after thorough agitation from the stored 
preparations at the presoibed times. The samples were then 5 
stored at 70^ C. Frozen samples remained frozen until they 
were analyzed. When the collection process was completed, 
the samples were diippcd to a laboratory ovemighi on dry 
ice for analysis. Sanoples were agitated for 30 seconds and 
sample aliquots were analyzed by HPLC in triplicate accord- 
ing to well known methods. Omeprazole and the internal 
standard were measured by a modification of the procedure 
described by Amantea and Narang. (Amantea Mass., Narang 
PK, Improved Procedure For Quaraitation Of Omeprazole 
And Metabolites Using Reverse-Phased High-Performance 
Liquid Chromatography, J. CHROMATOGRAPHY, ^* 
426:216-222 (1988)). TVenty (20) ul of the omeprazole 2 
mg/ml NaHCOs solution and 100 ul of the internal standard 
solution were vortexed with 150 ul of carbonate bufifer 
(pH-9.8), 5 ml dichloroethane, 5 ml hexane, and 980 ul of 
sterile water. The sample was centrifuged and the organic 
layer was extracted and dried over a nitrogen stream. Each 
pellet was reconstituted with 150 ul of mobile phase (40% 
methanol, 52% 0.025 phosphate buffer, 8% acetonitiile, 
pH-7.4). Of the reconstituted sample, 75 ul were injected ^ 
onto a C185u column equilibrated with the same mobile 
phase at 1.1 ml/min. Omeprazole was eluted at -5 min, and 
the internal standard at -7.5 min. The standard curve was 
linear over the concentrated range 0-3 mg/ml, and between- 
day coefficient of variation was <8% at all concentrations. ^ 
Mean R^ for the standard curve was 0.980. 

The 6 month sample showed stability at greater than 90% 
of the original concentration of 2 mg/ml. (i.e., 1.88 mg/ml, 
1.94 mg/ml, 1.92 mg/ml). 

Example XIV 35 
Pharmacokinetic and Pharmacodynamic Study of Duodenal 
or Jejunal Administration Compared to Nasogastric Admin- 
istration of Omeprazole Suspension in Patients at Risk for 
Stress Ulcers 

Omeprazole suspension administered by the jejunal or 40 
duodenal route was compared in a randomized, cross-over 
fashion with nasogastric administration in patients at risk for 
stress-related GI bleeding. Eligible for study enrollment 
were all adult patients (>18 yr.) admitted to the surgical 
intensive care unit who bad recently undergone a major 45 
surgical procedure or were posttrauma with an Acute Physi- 
ological and Chronic Health Evaluation (APACHE II) score 
>18. To be included in the study, patients were also required 
to be mechanically ventilated in addition to having at least 
one of the following risk factors: head injury with altered 50 
level of consciousness; extensive bums (>20% body surface 
area); acute renal failure; acid -base disorder; multiple trau- 
mas; coagulopathy; multiple operative procedures; coma; 
hypotension for >1 h; or sepsis syndrome. Patients were 
excluded from participation if they bad any of the following 55 
characteristics: hypochlorhydria; status of "Do Not Resus- 
citate"; a history of vagotomy, pyloroplasty, or gastroplasty; 
an allergy to proton pump inhibitors; active GI bleeding 
(including variceal bleeding); thrombocytopenia (<30,000/ 
mm^ platelets); active peptic ulcer disease treated within the 60 
past year; were likely at risk of swallowing blood (i.e., 
severe facial trauma, oral lacerations, hemoptysis); currently 
or during the study receiving ketoconazole or itraconazole or 
enteral tube feedings; or had received an investigational 
drug within 30 days, omeprazole or another proton pump 65 
inhibitor within 5 days, or warfarin or nonsteroidal anti- 
inflammatory drugs (NSAlDs), including aspirin, within 24 



b. Administration of the study drug was not initiated until the 
patient bad documented gastric pH of <4.0. If 48 h had 
passed and gastric pH was not <4.0, the patient was excluded 
from study participation. Patients who were on prior acid 
reducing therapy for <24 b were allowed to participate after 
discontinuation of their medication and gastric acidity 
achieved the study-imposed pH range (gastric pH<4.0). 
Subjects were not allowed to receive antisecretory agents 
(e.g., H2RA) during the study. The institutional Review 
Board for the University of Missouri at Columbia approved 
the protocol and informed consent was obtained before 
smdy enrollment for every subject. 

Omeprazole suspension was compounded and stored in 
amber bottles at 4* C. The omeprazole was prepared by 
dissolving the contents of two 20-mg capsules (Prilosec®), 
Asu^-Zcneca, Wayne, Pa.) in 20 ml of 8.4% sodium bicar- 
bonate (Abbott Laboratories, North Chicago, 111.) with 
gentle shaking to asswe adequate mixing. The sodium 
bicarbonate dissolves the enteric-coated beads leaving "free 
omeprazole" in tbe suspension. 

A nasogastric mbe and needle catheter jejunostomy or 
duodenal tube was placed before study initiation. Placement 
of the nasogastric mbe was confimaed by x-ray and aspira- 
tion of gastric contents for pH confirmation. Tbe jejunos- 
tomy and duodenal tubes were placed by standard surgical 
technique and positioning was conflnsed by x-ray. On study 
day 1, when gastric pH decreased to <4, the patients were 
randomized to receive a single 40 mg dose of omeprazole 
suspension by either nasogastric tube or jejunal/duodenal 
administration. When gasuic pH subsequently dropped 
again to <4 (>24 h in all patients), each patient was crossed- 
over to the other administration route foUowed by a single 
40 mg dose of omeprazole suspension. All patients received 
the cross-over dose 72 b after tbe first day and after the pH 
had dropped to <4. After omeprazole administration, the 
nasogastric or duodenal/jejunal tube was flushed with 10 ml 
of water and clamped for 1-2 h. A Latin square cross-over 
design was used. 

A total of 60 ml of blood was collected in 2.5 ml aliquots 
over a period of 24 h to establish the absorption and 
pharmacokinetic parameters of omeprazole as administered 
by the different enteral routes. Blood samples were obtained 
immediately before each dose of drug and at 3, 5, 10, 20, 30, 
60, 120, 240, 480, 720, 960, and 1440 min after drug 
administration. All samples were collected in red-top tubes 
(Vacutainer<8», Becton-Dickinson. Franklin Lakes, N.J.), 
allowed to clot for 30 min at room temperature, and centri- 
fuged for 10 minutes at 1000 g. The resulting sera was 
removed and immediately frozen at -70° C. until analysis. 
The study was conducted for approximately 4 days per 
patient. 

Continuous monitoring of gastric acidity (pH) occurred 
throughout the study period for all patients who received 
omeprazole suspension. Continuous gastric pH readings 
were measured with a Zinetics probe (Zinciics Medical, Salt 
Lake City, Utah). 

Omeprazole plasma concentrations were determined by 
modification of a previously published high-performance 
liquid chromatography assay. The range of linearity for the 
assay was 25-1000 ng/ml for serum. Tbe lower limits of 
detection were 10 ng/ml. CoefBcients of variation (R^ for 
the omeprazole assay over tbe standard curve concentrations 
were >0.99 for the entire study. InU'a- and interassay coef- 
ficients of variation were consistently <SS% at concentra- 
tions included in the linearity range. 

The serum omeprazole concentration- time data were ana- 
lyzed via WinNonlin Software, Standard Edition, Version 
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1^ (Scientific Consulling, Gary, N.C.). First dose phanna- 

cokinetic parameters including half-life (T^^, maximum TABLE 8-conlinucd 

scrum -concentration (C,^, time to maximum serum con- ' 

centration (T^, drug clearance (Ci^JF) were estimated Phiirmiimv.tw.tic Pummeurs of Omnnxau Suspension 

using a noncompartmental cxtravascular dose model. Area 5 Nasogastric Jcjunal/Duoden^ p 

under the serum-concenlratioD time curve (AUC) was deter- vbmblc (N-9) (N-9) vfeioc 



mined by trapezoidal rule and was extrapolated to 24 b 

^tynV.'"?'""'"'^^^'''^'"''^ S;<^».) o^olcZl ?:L1:a"e 

of the final plasma concentraUon tune curves. 

Demographic, pH, and pharmacokinetic data are reported lO Data expressed as mean « SD. 

as the mean±SD as well as the range for rea)ective values P * ° considered siatisucaiiy significant. 

when appropriate. The pharmacodynamic relationship ^HS^'^^T ok .^""^^ > 

. _ rrr '^t-.. ' AUCo-oo " Area under the curve from 0 h to mfinity; 

oeiween vanous pnarmacoKineiic parameters, includmg t^- time to maximum serum concentration; 

clearance (Q and AUC, were compared to mean pH values Tj^ - half life; 

obtained for each respective administration route and ana- 15 ci/F - drug clearance; 

lyzed by linear regression. Omeprazole concentrations-time " »n"dmum serum concentration. 

data, graphical representation, and statistical analysis were t„ „ir«r«D«. «oc.^««t«^ o^™;«;ot,«»;«« «f cnc «.«tito^ 

performed with Prism software (GraphPad, Chicago, lU.). A . ^° nasogastnc admmistration of SOS resulted 

p value of <0.05 was considered significant for aU statistical 'T.' ^^D serum conoenlrations com- 

analyses pared to jejunal/duodenal dosing (0.970±0.436 vs. 

^ 1 . , . , . , 20 l.833±0.416 «g/ml, p-0.006). SOS absorption was signifi- 

Omeprazole absorpUon and pharmacokmeuc analyses , ^v*^,.. . . 

were performed in nine criticaUy ill surgical patients (five 'j^nP-.A^T' n ° n^.V 0°"^^*^^ n*" 

men and four women). The administrat^n w^ weU toler- ^^9^}^^, '^ 12.1*7 9 mm,p<O.00iy However, all routes 

ated without any apparent adverse events. The mean (±SD) admmistration resulted m similar SOS area under the 

age, weight, and creatinine clearance of these patients were concentration-tune curves (AUCq^ (415.1±291.8 

33*11 yr (range, 23-56 yr). 78±19 kg (range, 59-124 kg). ^ 396.7±38ai ^ h/ml, p-0.91). Mean intragastric pH 

and 95±24.0 ml/min (range, 35-120 ml/min), respectively. values remained >4 at 1 h after SOS administration and 

No patients had demonstrated liver disease by either clinical remained >4 for the entire 24-h study (nasogastric 

or laboratory evidence of hepatic dysfunction. All nine (6.3241.04) vs. jejunal/duodenal (5^7±1.15), p-0.015), 

patients received omeprazole via nasogastric administration, regardless of administration route, 

compared with seven and two patients who were also ^ 

randomized to receive the drug via the jejunal or duodenal Example XV 
route, respectively. Pharmacokinetic parameters for both Simplified Omeprazole Suspension (SOS) Pharmacokinetic/ 
groups are shown in Table 8. The mean plasma pharmacodynamic Study in Patients at Ride for Stress- 
concentration-lime curves after 40 mg of omeprazole sus- related Mucosal Damage (SRMD). 
pension administered via the nasogastric and jejunal/ 35 a. Protocol 

duodenal routes produced a biphasic curve with the higher Hospitalized patients who were at risk of stress-related 

peak serum concentrations resulting from the jejunal/ ^lucosal damage (SRMD) were enroUed in this study to 

n ^"""^n ^n!?i l^T^f 'n^f n''°° ^''^^^^'^ «tie serum concentration vs. time profile and intra- 
(1.833±0.416 we/m vs. 0.970±0.436 wg/ml, p-0.006). Ome- . • n i_ • 1 j i- 
prazole absor^fon was also signifi^tlv'sbwer by com- ^ gastric pH changes accompanymg a smg^^ 
parison of time to maximum l)ncentra'tion (T_) when ^ ^ '"S.^ f c^.^'"°' bicarbonate suspension- 
administered by nasogastric tube vs. jejunal/duodenal ^^^^ .^J^"^ considered eligible and 
administration (108.3±42.0 vs. 12.1±7,9 min. p<0.0001). received no pnor treatment with omeprazole (withm 5 days). 
Other mean pharmacokinetic parameters (t,^, Q^, AUCo. Informed Consent was obtained. A nasogastric tube (with a 
24, AUC0.00) were not statistically different beWen the two probe— incorporated in the tip— GraphProbe 
groups, although there was a trend toward a shorter half-life ZineticsMedical) was placed in the stomach by standard 
for patients who received drug via the jejunal/duodenal means. Patients received a dose of SOS (40 mg omeprazole 
route. in 20 mL 8.4% sodium bicarbonate) after the gastric pH 
The mean baseline pH was 1.63*0.89 for the jejunal/ dropped below 4. Serum concenU-ations of omeprazole were 
duodenal group and 2.12±0.67 for the nasogastric group drawn at the following times: 
(p-0.26). Mean intragastric pH values rose to >4 1 h after 
omeprazole administration and remained >4 for the entire 
24-h smdy period in both groups. When comparing the mean 
pH data (nasogastric (6.32±1.04) vs. jejunal/duodenal ^„ 
(5.57±1.15), p-0.015) nasogastric administration main- i2hrr 24 hra 

tained higher gastric pH values throughout the study with 55 

fewer incidences of pH values <4.0 overall. 

Gastric pH tracings were made using the ZineticsMedical 
TABLE 8 GraphProbe and the Datalogger from Sandhill scientific. 
Serum was ultracentrifuged and stored at -70* C. and sent 

Phannacokinetic Parameters of Omeprazole Suspension ^ aS a Single batch tO David Hockhart Md., PhD at George- 

town University Medical Center for HPLC (High Pressure 
Liquid Chromatography) measurement. 
B. Results 

The omeprazole plasma concentrations for 17 subjects are 
65 provided below in Table Nos. 12, 13, 14, and 15. Below is 
also a summary the phannacokinetic and pharmacodynamic 
findings. 



0 min 3 min 5 min 10 min 15 min 20 min 
30 min 45 min 1 hr 2 hrs 4 hrs 8 hrs 





Nasogastric 


JeJunal/DuodenaJ 


P 


Variable 


(N-9) 


(N-9) 


Vblue 


AUCo.24 


3733 ± 256.2 


375.3 £ 340.1 


0.99 


AUCc«o 


415.1 t 291.8 


396.7 * 388.1 


0.91 


Tmo (mio) 


1 08 J t 42.0 


12.1 z 7.9 


<0.001 


Tl/2 (™) 


250.7 X 100.0 


162.9 X 138.9 


0.14 



• 
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1. PhlarmacokiDetic 

Absorption: AbsorptioD was rapid as indicated by the 
appearance of omeprazole in serum at <10 minutes in many 
subjects. 

Tmax: The C max (maximum serum concentration) was 5 
also rapidly attained when compared to the enteric-coated 
granules. The C max in most every patient appearing before 
1 hour (Tmax). 




54 



AUC: The absorption of the omeprazole did not appear to 
be significantly decreased when compared to omeprazole in 
the enteric-coated form as measured by Area Under the 
Curve (AUC). 
2. Pharmacodynamic 

The gastric pH control appeared to be very rapid and 
sustained at an unusually high pH for a first dose of 
omeprazole. 



TABLE 9 



Omeprazole Concentrations Over time for Patient No6. 1-5 (un/m\) 

Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 



Tunc 


[Omeprazole] 
>^ml plasma 


[Omeprazole] 
M^m] plasma 


[Omeprazole] 
/ifg/ml plasma 


[OmepTBZole] 
/eg/ml plasma 


[OmepTBZole] 
/<g/ml plasma 


1 nio. 


ND 


ND 


ND 


ND 


ND 


3 min. 


ND 


0.155 


0.149 


0.02 


ND 


5 min. 


0.201 


0.44 


0.165 


0.148 


0.1 


10 min. 


0.322 


0.551 


0.233 


034 


0.278 


15 nin. 


ND 


0.587 


0.261 


0.44 


0.413 


20 nin. 


0381 


1.01 


0.382 


0.554 


0337 


30 min. 


0.445 


133 


0.386 


0.718 


0.628 


45 min. 


0.658 


1.46 


0.445 


0.89 


0.68 


1 hr. 


0.755 


1.24 


0.501 


0.893 


0.749 


2 hrs. 


0.911 


0.894 


0.715 


0.695 


0.763 


4 hrs. 


0.976 


0.13 


0.463 


ND 


0.622 


8 hrs. 


0.78 


0.05 


0.305 


ND 


0319 


12 hrs. 


0303 


ND 


0.293 


ND 


0.133 


18 hrs. 


ND 


ND 


ND 


ND 


ND 


24 hrs. 


0.218 


ND 


0.215 


ND 


ND 



TABLE 10 



Omeprazole Concentrations Over time for Patient Nos. 6-10 (ua/m\') 

Patient #6 Patient #7 Patient #8 Patient #9 Patient #10 



Time 


[Omeprazole] 
>ig/ml plasma 


[Omeprazole] 
/ig/ml plasma 


[Omeprazole] 
/Ig/ml plasma 


[Omeprazole] 
/<g/ml plasma 


[Omqmzole] 
/Ig/ml plasma 


] min. 


ND 


ND 


ND 


ND 


ND 


3 min. 


ND 


ND 


ND 


ND 


0.041 


5 min. 


ND 


0.756 


0.291 


0.044 


0.058 


10 min. 


0.067 


1.15 


0.316 


0.0525 


0.117 


15 min. 


0.072 


0.95 


0.34 


0.073 


0.192 


20 min. 


0.05 


ND 


0.44 


0.096 


0.213 


30 min. 


0.0925 


ND 


0.66 


0.152 


0.237 


45 min. 


0.095 


ND 


0.437 


0.186 


0.234 


1 br. 


0.058 


0.623 


0.386 


0.24 


0.263 


1 hr. 15 min. 


ND 


0.61 


ND 


ND 


ND 


2 hrs. 


0.012 


0.377 


0.153 


0.406 


0.221 


4 hrs. 


ND 


0.107 


0.044 


0.865 


0391 


8 hrs. 


.VD 


ND 


ND 


0303 


0.164 


12 hrs. 


ND 


ND 


ND 


0.168 


0X55 


18 hrs. 


ND 


ND 


ND 


ND 


ND 


24 hrs. 


ND 


ND 


ND 


0.108 


ND 



TABLE 11 

Omeprazole Concentrations Over time for Patient Nos. 11-15 (usUm\) 



PaUent #11 Patient #12 Patient #13 Patient #14 Patient #15 
[Omeprazole] [Omeprazole] [Omeprazole] [Omeprazole] [Omeprazole] 
Time /<g/ml plasma /ig/ml plasma /ig/ml plasma /ig/ml plasma /ig/ml plasma 



1 min. ND ND ND ND ND 

3 min. 0.0275 ND ND ND ND 

5 min. 0.073.*: ND ND ND 0.1075 

(or 20 min.) 

10 min. 0.131 ND 1.12 0.131 0.155 

15 min. 0.154 ND 1.08 0.161 0.176 

17 min. ND ND ND ND ND 
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TABLE ll-coniinucd 




Oincorazolc ConttntTi.tioM Over lime for Patient Nos. 11-15 (uBfm\^ 




rBUCDl frii 


ratieat #12 


raueDi wio 


Patient #14 


Patient #15 




l^^mcprBzoi e J 


[Omeprazole] 


lumeptazoiej 


lOmeprazoleJ 


(Omeprazole] 




ft^w\ plftsma 


/fg/ml plasma 


f/^JvoX plasma 


//g/tnl plasma 


^(g/ml plasma 


20 rnin. 


0.177 


Oi)12 


1.04 


0.187 


KD 












(or 5 min.) 


30 min. 


0J88 


Oi)25 


0.865 


0.224 


0.184 


45 miiL 


0^26 


0.046 


0.841 


0,269 


0.196 


1 hi. 


0.486 


Oi)77 


0.896 


0.276 


0.155 


2 hrs. 


0.458 


0.128 


0304 


0.343 


0.17 


4fajs. 


0.466 


0.17 


0.278 


0.435 


0.139 


8hjs. 


0^2 


0.148 


0.145 


0.204 


ND 


12 his. 


0.093 


0^52 


ND 


0.131 


ND 


18 his. 


ND 


ND 


ND 


ND 


ND 


24 hrs. 


ND 


ND 


ND 


ND 


ND 
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TABLE 12 



Omeprazole Conoentrations Over 
time for Pfttjept fJos. f^g/prl) 





Patient #16 


Patient #17 




lOmeprazole] 


[Omeprazole] 


Time 


/i^/ml plasma 


/fg/ml plasma 


1 min. 


ND 


ND 


3 min. 


ND 


ND 


5 min. 


ND 


ND 


10 min. 


ND 


0304 


15 min. 


ND 


0.6932 


20 min. 


ND 


0.765 


30 min. 


0.076 


0.777 


45 min. 


0.186 


0.645 


1 hr. 


0.242 


0347 


2 his. 


0.193 


0308 


4 hrs. 


ND 


ND 


8 hrs. 


ND 


ND 


12 hrs. 


ND 


SD 


18 his. 


ND 


ND 


24 his. 


ND 


ND 



25 



30 



40 



Example XVI 

A Comparisoa of the PhanDacokioetics and Phansacody- 
namics of Omeprazole Delivered Orally with Different 
Doses of Antacid in Fasted Subjects 
A. Administration of Test Articles 

Test articles were administered to each subject according 
to the following schedule: 

Period 1:1 aniacid tablet (30 mEq of 1 part sodium bicar- 50 
bonate to 3 parts calcium carbonate) plus 40 mg omepra- 
zole powder was administered in the fasted state with 60 
mL (2 oz.) water. 

Period 2: A solution/suspension of omeprazole 40 mg and 20 
mEq of sodium bicarbonate (total volume 20 mL in an 
amber bottle) was administered to the subject. Immedi- 
ately (within 30 seconds) after administration, the bottle 
was rinsed with a small amount of water, which was also 
administered to the subject. The rinse step was repeated 
and the subject was given a total of 100 mL of water after 
the administration of the 20 mL of the omeprazole/sodium ^ 
bicarbonate solution/suspension. 

Period 3:1 capsule of Prilosec (40 mg of enteric-coated 
omeprazole alone) in the fasted state with 120 mL water. 

Period 5:1 antacid tablet (30 mEq of 1 part sodium bicar- 
bonate to 1 part calcium carbonate) plus 40 mg omepra- 65 
zole powder was administered in the fasted state with 120 
ml water. 



B. Treatment Periods 

Only 1 day (Day 1) was required in the clinic. Subjects 
fasted for at least 10 hours overnight in the clinic prior to 
initiating pH monitoring; they were allowed water ad libi- 
tum until 1 hour prior to dose administration. 

Each subject receiving 40 mg of omeprazole powder was 
administered the drug product by site staff directly onto the 
dorsal mid-tongue. Immediately thereafter, subjects were 
administered one or two chewable antacid tablets and began 
chewing. Each subject continued to chew the tablet(s), while 
mixing it with the omeprazole powder, carefully avoiding 
swallowing the powder immediately. One minute after ini- 
tiating chewing (and after completely swallowing the test 
articles), each subject drank 60-120 mL of water rising the 
oral cavity before swallowing. No additional water was 
allowed until after the 6-bour postdose pH and blood 
samples were taken. Water was allowed ad b'bitum. For 
pharmacokinetic/pharmacodynamic sampling, zero time 
was the time that chewing is initiated. 

C. Inclusion Criteria 

Subjects were included in the trial if they met all of the 
following: 

1. Were non-Asian males from 18 to 45 years of age. 

2. Were within the ranges of about 20% of ideal body 
weight. 

3. Were in good health on the basis of history, physical 
examination, and laboratory values. 

4. Had not used any form of tobacco (e.g., smoking, 
chewing) for the last year. 

5. Tolerated installation of nasogastric pH probe for at least 
5 minutes. 

6. Had a basal gastric pH at each trial visit of less than 25. 

D. Exclusion Criteria 

Subjects were excluded from the trial if they met any of 
the following: 

1. Had a significant history odor concurrent gastrointestinal 
disease or condition, such as GERD, heartburn, reflux 
esophagitis, peptic ulcer disease (gastric or duodenal), or 
a family history of peptic ulcer disease, gastric surgery 
(e.g., vagotomy, pyloroplasty). 

2. Had any significant medical history or concurrent illness, 
such as re^iratory, allergic, psychiatric^ neurological, 
renal, hepatic, cardiovascular, metabolic, or endocrine 
condition, or any other medical condition which the 
investigator or medical monitor considered sufficiently 
serious to interfere with the conduct, completion, or 
results of the trial, or constituted an unacceptable risk to 
the subject. 

3. Had a history of significant drug allergy. 

4. Known hypersensitivity to any of the ingredients in the 
test articles. 



• 
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5. Had a positive urine test of alcohol or other drugs at any Terminal elimination rate constant (k,,) determined from a 
trial visit. log-linear regression analysis of the terminal plasma 

6. Had taken any gastric antisecretory drugs, c.g.. H2 omeprazole concentrations. 

'°H-^.^Hnn!^ '"'''^f ' P^'"^"?'"^^^^^ terminal elimination half-lifc (t,^ calculated as a693/k., 

medications) withm 14 days pnor to Penod 1 or dunng 5 Area under the omeprazole plasma conceniration-lime curCe 

7. Had taken xanthine KX)ntaining foods or beverages (e.g , (AUQ^), calculated using the 
coffee, tea, chocolate) within 48 hours of entering the trapezodial rule with the plasma concentration at time "t" 
clinic for each trial period. being the last measurable concentration. 

8. Had ingested grapefruit juice within 7 days of dose Area under the omeprazole plasma concentration-time curve 
adminisu-aiion in any trial period. from lime zero to time infinity (AUCo^» calculated as 

9. Had donated blood within 90 days of entering the trial. AUCo.,+C^,;, where C, is the last measurable plasma 

10. Had been treated with any investigational drug or concentration and k,, is the terminal elimination rate 
therapy, or participated in a clinical trial in the 90 days constant defined above. 

llXd^'lnr^dit^'^n^'S^ could have interferes with 15 H. Onset, Duration, and Magnitude of Effects 

assessments, posed additional risks in administration of 0° action was defined as the earliest time that the 

the trial drug to the subject, or precluded completion of value with active treatment was significantly different firom 

the trial, including a history of noncompliance, the conesponding baseline value. The baseline vahie for 

alcoholism, or drug abuse. each subject was the mean of values from the twelve 

12. Had any laboratory test results deviating from the normal 20 5 -minute baseline periods. 

reference ranges established by the local laboratory by Duration of action was the latest time that the value with 

more then 20% that the investigator judged to be of active treatment was significantly different from the corre- 

possible chmcal significance. 3 ^^^^ ^3,^^ 

13. Evidence of mfection with HIV. , 

14. Knovra carrier of hepatitis B surface antigen. „ Magnitude of effect was evaluated for each 5-minute 

15. Known carrier of hepatitis C antibody. postdosing interval as well as for the posldosing intervals 

E. Omeprazole Pharmacokinetics 0-360 minutes. 
Blood samples (10 mL) for measurement of plasma I. Description 

omeprazole were taken within 30 minutes prior to each The chewable antacid tablets were produced by Murty 

dosing, and at 5, 10, 15, 30. 45, 60. 90, 120. 180, 240, 300, ^ Pharmaceuticals, Inc. (518 Codell Drive, Lexington, Ky. 

and 360 mmutes (6 hours) after dosing. These samples were 40509-1016) and contained sodium bicarbonate and calcium 

taken at the same time as the gasuic pH was being recorded. carbonate, as well as common excipients. Additional 

Plasma omeprazole was measured using a previously vaU- formulation(s) for oral administration and At, may contain 

dated LC-MSMS assay. Zero time was the time that the sodium bicarbonate and/or calcium carbonate either as a 

subject first chewed a table formulation, swallowed a 35 tablet or liquid, in addition to omeprazole. USP grade, bulk 

capsule, or first swallowed a liquid formulation of test omeprazole was purchased from Esteve Quimica, S. A. 

article. (Barcelona, Spain). 

F. Test Article Evaluation (Day 1) ^ ^ At the trial site, the pharmacy staff mixed omeprazole 
OnDayl.af.eragreaterthanorlessthanlOhourfas,pH ^^^^^ powdered peppermint flavoring and Equal® 

recordmgs of the gastric fluid began m the morning for 1 c . r * - - ^ » *^ 

u • . J • 'ru u - . 5 : ^ 40 Sweetener (containmg aspartame) [1 part omeprazole: 2 

S°"7wsldL iDonitonng con.inued for 6 peppennint flav^ring-l.S part Eqiil®]. For each unii 

g! Pbaraacokir^lic Analysis of Omeprazole '"ftOf o"*^ ^"""'w °! ? ""^ omqjrazole powder) was 

THe following pharmacoldneiic parameters were evalu- ^"^hed on an aDaly^ic balance withm 1-2 hou« of dose 

^ ^ admimsiration in each lime penod. This mixmre was stored 

^ ' 11 . . L I - 45 under controlled conditions of humidity and temperature. 

Omeprazole plasma concentration at each sampling lime. iw*ij|/*ioit«v 

Peak omeprazole plasma concentration (C„^) and lime to ^- Results 

peak plasma conceniraiion (T„^) obtained directly from The omeprazole plasma concentrations for 10 subjects of 

the data without interpolation. the study are provided below in Table No. 13. 

TABLE 13 

Omeprazole Concentrations fng/mD 

Sub Sampling Tunes fhour) 



No, Period 0.00 0.08 0.17 0.25 0.50 0.75 1.00 1.50 ZOO 3.00 4.00 5.00 6.00 



1 


3 


0.00 


36.4 


323 


738 


968 


783 


605 


357 


213 


97.9 


40.1 


36^ 


31.4 


1 


2 


0.00 


79.3 


332 


388 


443 


454 


292 


200 


328 


43.4 


21.0 


9.44 


432 


1 


3 


O.OO 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


39.4 


320 


366 


406 


161 


109 


I 


5 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


2 


1 


0.00 


6.82 


234 


326 


582 


875 


635 


322 


220 


84.2 


38.1 


34.7 


639 


2 


2 


0.00 


47.6 


84.3 


368 


3040 


737 


484 


265 


162 


67.6 


26.2 


11.6 


4.02 


2 


3 


0.00 


0.00 


0.00 


0.00 


3.57 


53.3 


98.6 


363 


379 


429 


204 


99X 


51.2 


2 


5 


0.00 


22.9 


335 


661 


983 


797 


582 


375 


306 


124 


57.8 


25J 


12.2 


3 


1 


0.00 


203 


1230 


3450 


3000 


693 


525 


306 


393 


79.3 


32.2 


14.8 


7.22 


3 


2 


0.00 


20.6 


302 


583 


833 


740 


573 


336 


203 


8Z0 


37.6 


17.6 


938 


3 


3 


0.00 


0.00 


0.00 


0.00 


9.85 


57,7 


379 


683 


683 


345 


358 


85.4 


45.9 
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TABLE 13-coDtiDucd 

Omeprazole Concentrations fng/mlt 



Sub Samolino T^mes fhourt 



No. 


Period 


0.00 


0.08 


0.17 


0.25 


0.50 


0.75 


1.00 


1.50 


ZOO 


3.00 


4.00 


5.00 


6.00 


3 


5 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


4 


1 


0.00 


4.57 


164 


516 


1230 


780 


495 


254 


153 


55.0 


20.8 


8.52 


3.93 


4 


2 


0.00 


9.53 


61.6 


471 


881 


566 


388 


182 


207 


36.5 


17,9 


6.17 


2.63 


4 


3 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


18.6 


386 


454 


233 


126 


81 J 


51.7 


4 


5 


0.00 


196 


1240 


1740 


994 


644 


493 


305 


207 


101 


44J 


18.9 


8.16 


5 


1 


0.00 


107 


984 


1080 


662 


409 


250 


118 


60.3 


19.7 


7.44 


2.95 


1.47 


5 


2 


0.00 


385 


1400 


1380 


693 


394 


278 


144 


78.1 


21.8 


73 


2.16 BQL 


5 


3 


0.00 


0.00 


0,00 


BOL 


9.25 


44,0 


319 


340 


252 


95.5 


38.8 


14.6 


8.16 


5 


5 


0.00 


88.9 


1210 


1120 


677 


430 


325 


173 


97.8 


35.1 


13.4 


5.04 


2.06 


6 


1 


0.00 


32.8 


349 


552 


648 


425 


267 


233 


68.4 


24.7 


950 


4.21 


2-72 


6 


2 


0.00 


13.0 


68.8 


101 


469 


349 


241 


212 


104 


31.8 


9.31 


3.17 


1.26 


6 


3 


0.00 


0.00 


0.00 


0.00 


24.0 


234 


588 


351 


162 


85.0 


29,0 


14.4 


5.59 


6 


5 


0.00 


5.72 


26,6 


50.2 


190 


514 


398 


177 


108 


51J 


22.0 


7.75 


3.45 


7 


1 


0.00 


5,24 


97,4 


269 


638 


543 


431 


255 


164 


63.6 


29.0 


11.9 


5.79 


7 


2 


0.00 


84,0 


960 


1170 


899 


543 


433 


231 


140 


54.1 


24.0 


12.0 


5.54 


7 


3 


0,00 


0.00 


0.00 


5.42 


31.0 


992 


1110 


515 


310 


115 


47.0 


21.8 


9.32 


7 


5 


0.00 


5.35 


72.9 


165 


363 


302 


221 


266 


256 


150 


71.1 


29.4 


11.4 


8 


1 


0.00 


49.9 


358 


746 


1090 


784 


609 


367 


243 


104 


51.1 


23.1 


12.1 


8 


2 


0.00 


38.6 


262 


1280 


846 


563 


434 


237 


148 


66.9 


29.5 


15.7 


6.15 


8 


3 


0.00 


0.00 


0,00 


0,00 


0.00 


3.84 


80.6 


401 


313 


476 


225 


108 


47.1 


8 


5 


0,00 


19.7 


148 


582 


1130 


822 


688 


461 


264 


132 


64.5 


31.8 


15.8 


9 


1 


0.00 


16.0 


139 


309 


462 


355 


330 


605 


317 


111 


47.2 


21.9 


10.2 


9 


2 


0.00 


277 


1550 


1740 


1150 


744 


522 


305 


178 


79.2 


36.6 


14.1 


6.96 


9 


3 


0.00 


0.00 


0.00 


0.00 


0.00 


1.62 


47.7 


551 


566 


287 


153 


98.0 


52.5 


9 


5 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


JO 


1 


0.00 


15.8 


130 


202 


311 


233 


456 


378 


187 


61.6 


21.2 


9.90 


4.20 


10 


2 


0,00 


250 


1010 


1100 


634 


421 


310 


236 


80.7 


2SS 


11.6 


4.85 


1.87 


10 


3 


0.00 


0.00 


0.00 


0.00 


5.80 114 


148 


366 


390 


174 


79.4 


29.2 


10.5 


10 


5 


0.00 


103 


994 


1190 


702 


562 


353 


198 


110 


36.7 


14J 


5.40 


2.28 



NS - No Sample 

LOQ - Limit of quantitation: 1.00 ng/m) 
BQL - Below quantitation limit 

35 

VI. Proton pump inhibitor Compositions and Method for 
Optimizing the Buffer to be Administered in Combination 
With a Proton Pump Inhibitor 
A. Introduction 

The compositions of the present invention are designed to ^ 
produce rapid release of active drug to the site of delivery 
(typically the stomach) without the necessity of enteric 
coatings or delayed released dosage forms, while preventing 
acid degradation of the drug. Add labile proton pump 
inhibiting agents, for example, can be formulated or coad- 45 
ministered with one or more buffers sufficient to protect the 
proton pump inhibitor in any environment, with the ultimate 
goal being to deliver a proton pump inhibitor to the stomach 
(or other environment) either via a liquid, a powder or solid 
dosage form that produces an immediate release of active 5q 
drug to the site of delivery such that the proton pump 
inhibitor is quickly available for absorption. Accordingly, 
Applicant has found that certain amounts of buffers coad- 
ministered or mixed with certain proton pump inhibiting 
agents prevent acid degradation of the proton pump inhibitor 
when the buffers produce a pH in the stomach or other site 
of environment that is equal to the pKa of the proton pump 
inhibitor plus an amount sufEcient to protect the proton 
pump inhibitor firom acids and provide undegraded and 
bioactive proton ptunp inhibitor to the blood upon admin- 
istration (e.g., a final pH of pKa of proton pump inhibitor+ ^ 
0.7 log value will reduce the degradation to about 10%). 
Such buffers should interact with hydrogen ion at rates that 
exceed the interaction of hydrogen ion with the proton pump 
inhibitor. Thus, the solubilities of the buffers and proton 
pump inhibiting agents are important considerations because 65 
solubihty is a key determinant of the rate of interaction of 
H4 ion with another compound. 



Typically, a proton pump inhibitor formulation of the 
present invention comprises two primary components: a 
proton pump inhibitor and an Essential Bttffer. An Essential 
Buffer may include a buffer or combination of buffers that 
interact with HCl (or other acids in the enviromnent of 
interest) faster than the proton pimip inhibitor interacts with 
the same acids. When placed in a liquid phase (usually in 
water), the Essential Buffer produces and maintains a pH of 
at least the pKa of the proton pump inhibitor. In one 
embodiment, by raising the pH of the environment to the 
same of the pKa of the proton pump inhibitor pltis about 0.7 
log value (or greater), the expected degradation (ionization) 
can be reduced firom about 50% to about 10%. As used 
herein, the "Essential pH" is the lowest pH of the environ- 
ment of interest needed to minimize or eliminate the acid- 
induced degradation of the proton pump inhibitor. The 
buffering agent(s) employed may raise the pH of the envi- 
ronment to the Essential pH such that 30%, 40% or 50% of 
the proton piunp inhibitor is undegraded, or be present in an 
amount sufficient to substantially protect (i.e., greater than 
50% stability) the proton pump inhibitor. 

In another embodiment, the Essential pH is the pKa of the 
proton pump inhibitor. In a further embodiment, the Essen- 
tial pH is the sum of the pKa of the proton pump inhibitor 
plus log 0.7. A log value of about 0.7 is added to the pKa, 
which represents a decrease of about 5.01187% in stability 
of the proton pump inhibitor from the pKa plus 1 log value, 
thus resulting in a stability of approximately 90%, a value 
widely accepted as desirable in pharmaceutical products. In 
some cases it may be permissible to accept a value of less 
than log 0.7. 

One aspect of the invention provides that there is also 
sufficient buffer available to provide the neutralization 
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capacity (Essenlial Buffer Capacity ("EBC')) to maintain 
the elevated pH of the environment (usually gastric) 
throughout the dwell time that the proton pump inhibitor is 
passed from the environment and into the blood. 
B. Essential Buffers 

Essential Buffers can be divided into two groups: Primary 
Essential Buffers and Secondary Essential Buffers. Every 
formulation is combined with, cither directly or indirectly, at 
least one Primary Essential Buffer. The Primary Essential 
Buffers, when used alone or in combioation, provide buff- 
ering activity below the value that leads to tissue irritation or 
damage and above a lower limit for the Essential pH of the 
proton pump inhibitor. Secondary Essential Buffers are not 
required in every formulation but can be combined with 
Primary Essential Buffers to produce a higher pH and added 
neutralization capacity for the formulation. 

Determining the type and dose of buffer to protect acid 
labile substituted benzimidazole proton pump inhibiting 
agents (and other drugs) is useful for efGcacious proton 
pump inhibitor delivery to and action upon parietal cell 
proton pumps, particularly when the proton pump inhibitor 
is administered as an immediate release product designed to 
disintegrate in the stomach rather than a traditional dclayed- 
release product designed to disintegrate beyond the stomach 
in higher pH environments such as the duodenum. The 
present compositions and methods employ determinations 
of the nature of the buffer(s) to be used, as well as calcu- 
lations to determine Essential pH, buffering capacity, and 
volume measurements for individual proton pump inhibitor 
doses based on their respective solubilities and pKa's. Such 
inventive methods are applicable for determining the type 
and amount of buffer(s) necessary to protect the proton 
pump inhibitor in an array of environments (e.g., mouth, 
esophagus, stomach, duodenum, jejunum, rectal vault, naso- 
gastric tube, or a powder, tablet, capsule, liquid, etc. in 
storage before administration). Dosage fomos in storage may 
be exposed to various environments, but a typical set of 35 
storage conditions includes storage at room temperature 
(65-80** R), and minimal or no exposure to beat, cold, light 
or humidity as is known in the art. 

The present method includes all substituted benzimida- 
zole proton pump inhibiting agents, their salts, esters, 
amides, enantiomers, racemates, prodrugs, derivatives and 
the like, and is not limited to those proton pump inhibiting 
agents used to exemplify the following calculations. 

The Essential Buffering Capacity ("EBC") is the capacity 
of a proton pump inhibitor/buffer formulation to resist 
degradation from its environment. The buffering capacity of <^ 
a proton pump inhibitor/buffer formulation is primarily 
derived from components of the formulation that possess the 
ability to combine with adds (H-f ions) from the environ- 
ment. The EBC contributes to both acid neutralization 
(antacid effect) and to maintaining an environmental 
pH>pKa40.7 to protect proton pump inhibiting agents from 
acid degradation throughout the dwell time. The Primary 
Essential Buiffer is designed to maintain the pH of stomach 
contents (or other environment) at a somewhat constant 
level within a desired range for a period of time so that the 
proton pump inhibitor can be absorbed from the gastric or 
other environment. Accordingly, the Essential Buffer is 
generally more rapid in its complex a tion with HG (or other 
acid) than the proton pump inhibitor administered so that the 
Essential Buffer is capable of protecting the proton pump 
inhibitor. 

Any weak base, strong base, or combination thereof may 
be a suitable Essential Buffer. Essential Buffers include, but 
are not limited to, electrolytes containing the cations 
sodium, potassium, calcium, magnesium or bismuth. In 
addition, amino acids, proteins or protein hydrolysates can 
serve as Essential Buffers owing to their ability to rapidly 
neutralize acid. When proton pump inhibiting agents are 
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mixed with the Essential Buffer, the proton pump inhibiting 
agents may be in the free base form, such as omeprazole or 
lansoprazole; in the sodium salt form, such as esomeprazole 
sodium, omeprazole sodium, rabeprazole sodium, pantopra- 
zole sodium, etc.; or in a magnesium salt form such as 
esomeprazole magnesium or omeprazole magnesium or 
calciiUD salt forms; or other salt forms. Essential Buffers 
provide the Essential Buffering Capacity either alone or in 
combination with Secondary Essential Buffers. 

Tribasic sodium phosphate and sodium carbonate are 
examples of Secondary Essential Buffers for adjusting the 
pH of any Primary Essential Buffer. Secondary Essential 
Buffers may assist the Primary Essential Buffer in producing 
the desirable pH^ over the dwell time. Secondary Essential 
Buffers neutralize HCl (or other acids in the environment) 
similarly to the Primary Essential Buffers; however, they 
produce pH values too high to be used alone, as they would 
lead to gastrointestinal mucosal irritation. They are used to 
increase the pH and provide additional buffering capacity in 
combination with a Primary Essential Buffer. 

Secondary Essential Buffers do not play an important role 
in protecting the proton pump inhibitor from early acid- 
induced degradation. Because they do not work as rapidly, 
they do not play a major role in proton pump inhibitor 
protection through the dwell time. Other buffers (**Non- 
Essential Buffers") can be added to the Primary and/or 
Secondary Essential Buffers to provide a latent antacid effect 
that extends beyond the antacid effect of Essential Buffers. 

Many additional buffers can be used, alone or in 
combination, to achieve an effective buffering capacity for 
proton pump inhibiting agents or acid labile drugs. A desir- 
able characteristic of buffers includes rapid neutralization of 
acid environments to greater than pKa<f0.7 for the drug 
being considered. 

Non-limiting examples of Primary and Secondary Essen- 
tial Buffers arc set forth in Tables 8 and 9 below. 
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TABLES 


Examples of Primarv Essential Buffers 


MW 


Essentia] Bufifer 


Solubility^ 


pH§ 


Sodium bicarbonate 


9.96 g/300 mL 


ft-«.4 


84 


Sodium sesquicaiboDate 


6.3 g/100 mL 


9.9-10 


374 


Dibasic sodium phosphale 


]0g/]00mL 


8.6-9.3 


142 


Sodium ir^)olyphaspbate 


6 gm/IOO mL 


9.7-30 


368 


TetiBSodium pyrophosphate 


5 g/aOO mL 


9.8-103 


266 


Sodium citrate 


72 g/300 mL 


5 


294 


Calcium citrate 


10 mg/lOQ mL 


6.8 


498 


Calcium carbonate 


1.5 mgnOO mL 


6.3-7.3 


300 


Magnesium oxide 


0.62 mgnOO mL 


9.5-30.5 


40 


Sodium gluconate 


60 g/100 mL 


6-8 


218 


Sodium lactate 


40 g/100 mL 


7 


332 


Sodium acetate 


119 g/100 mL 


8.9 


82 


Dipotassium phosphate 


350 g/100 mL 


9.3 


374 


TetiBpotassium pyropbospbate 


185 g/100 mL 


30.4 


330 


Potassium bicarbonate 


36 g/100 mL 


8.2 


300 


Calcium lactate 


6 g/100 mL 


7 


218 


Calcium glycerophosphate 


6 g/100 mL 


7 


210 


Calcium gluconate 


3 g/100 mL 


7.4 


430 


Magnesium lactate 


30 g/300 mL 


5.5-7,5 


269 


Magnesium gluconate 


16 g/100 mL 


7J 


414 



Solubility is altered by temperature 

§pH is altered by concentration and temperature 

Note: 

faydrated and anhydrous forms are acceptable provided they meet the crite- 
ria of a Primary Essential Buffer. 
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TABLE 9 



Examples of Secoadaiy Essential Buffets 
These buffers are too caustic to be used alone 
but are suitable for addition is low 
Quantities to the Primary Essential Buffeis from Table 8. 



Essential Buffer Solubility^ pH§ MW 



Sodium carbonate 


45 J g/100 mL 


l0.6-n.4 


306 


Potassium carbonate 


11^ 


138 


Sodium phosphate (tribasic) 


8 g/300 mL 


30.7-12.1 


363 


Caldiim hydroxide 


185 mg/100 mL 


12 


74 


Sodium hydroxide 




13.4-13.2 


40 



^solubility is altered by temperature 

$pH is altered by concentratioa and temperature 

Note: 

hydra ted and anhydrous forms are acceptable provided they meet the crite- 
ria of a Secondary Essential Buffer 



Amino acids can also be employed as Primary or Sec- 
ondary Essential Buffers, the doses of which may be calcu- 
lated according to the following information. 

TABLE 10 



Solubility 





Three 








(gnoog 


One Ijetter 


Letter 








H2Qat 


Symbol 


Symbol 


Amino Acid 


MW 


pH 


25* C. 


A 


Ala 


Alanine 


89 


6 


16.65 


C 


Cys 


Cysteine 


121 


5.02 


Very 


D 


Asp 


Aspartic Acid 


133 


2.77 


0.778 


E 


Glu 


Glutamic Acid 


147 


3.22 


0.864 


F 


Phc 


Phenylalanine 


165 


5.48 


2.965 


G 


Gly 


Glycine 


75 


5.97 


24.99 


H 


His 


Histidine 


155 


7.47 


4.39 


I 


De 


Isoleucine 


133 


5.94 


4.317 


K 


Lys 


Lysine 


146 


9.59 


Very 


L 


Leu 


Leucine 


131 


5.98 


2.426 


M 


Met 


Methionine 


149 


' 5.74 


3.381 


N 


Asn 


Asparagine 


132 


5.43 


. 3.53 


P 


Pro 


Proline 


115 


6.30 


362.3 


0 


Gin 


Glutamine 


346 


5.65 


2.5 


R 


Arg 


Arginine 


174 


33.15 


35 


S 


Ser 


Serine 


305 


5.68 


5.023 


T 


Thr 


Threonine 


339 


5.64 


Very 


V 


\%I 


Valine 


337 


5.96 


8.85 


W 


Tip 


Tryptophan 


204 


5.89 


3.336 


Y 


Tyi 


Tyrosine 


383 


5.66 


0.0453 



References: 

IUB\C^IUB Commission on Biochemical Nomenclature 
( CBN)y Rules for Naming Synthetic Modifications of Natural 
Pejnides, (1966); ARCH. BIOCHEM. BIOPHYS. 121:6-8 
(1967); BIOCHEM. J. 104:17-19 (1967), corrected 135:9 
(1973); BIOCHEMISTRY 6:362-364 (1967); BIOCHIM. 
BIOPHYS. ACTA 133:1-5 (1967); BULL. SOC. CHIM. 
BIOL. 49:325-330 (1967) (in French); EUR. J. BIOCHEM. 
1:379-381 (1967), corrected 45:3 (1974); Hoppe-Seyler's. 
Z., PHYSIOL. CHEM. 348:262-265 (1967) (in German); J. 
BIOL. CHEM. 242 555-557 (1967); MOL. BIOL. 
2:466-469 (1968) (in Russian); PURE APPL. CHEM. 
31:647-653 (1972); /i/iMC Commission on Nomenclature 
of Organic Chemistry (CNOC), Nomenclature of Organic 
Chemistry, STEREOCHEM. REC. E: (1974), PURE APPL 
CHEM. 45:11-30(1976). See slIso Biochemical Nomencla- 
ture and Related Documents, PORTAND PRESS. 2:1-18 
(1992). 

C. The Essential pH (pH^) 

Substituted benzimidazole proton punop inhibiting agents 
are labile under acidic conditions. OraUy administered pro- 
ton pump inhil^iting agents must be protected firom the 
strongly acidic conditions of the stomach, whether acidic 
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from gastric acids or acids introduced through tube feeds or 
other sources. In general, the higher the pH of the ga^ric 
environment, the greater the stability of the proton pump 
inhibitor, and thus the more time it has to undergo absorption 
5 into the blood and reach and act upon the proton pumps of 
the gastric parietal cells. 

As mentioned, the "Essential pH" is the lowest pH of the 
environment of interest needed to minimize or eliminate the 
acid-induced degradation of the proton pump inhibitor dur- 

10 ing the dwell time in the environment. It is generally 
expressed herein as pH range. Such pH is the pH of the 
environment in which the proton pump inbi*bitorA>uffer 
formulation resides. For example, the environment may be 
a storage container or the stomach. The environment pre- 

35 sents a set of conditions to the proton pump inbi*bitor/buffer, 
such as temperature, pH, and the presence or absence of 
water. The dwell time is the time that the proton pump 
inhibitor dwells in a specific environment, i.e., the GI tract 
prior to its passage into a different environment, i.e. the 

20 blood senmi. The shelf -life is another example of a dwell 
time, in which case, the specific environment may be a 
container of dry, powdered formulation. As used herein, 
"Resultant pH" is the pH that is the result of adding a proton 
pump inhibitor/buffer formulation to an environment of 

25 interest. "Formulation pH" is the pH of the proton pump 
inhibitor/buffer fonnulation when it is in liquid form. 

A proton pump inhi'bitor dose within its calculated pH^ 
range is designed to ensure sufQcient proton pump inhibitor 
protection from acid degradation such that delivery to and 

30 action upon proton pumps occur. In one desirable 
embodiment, the pH^^ is the sum of the pKa of a given proton 
pump inhi'bitor plus about 0.7. The pKa is defined as the pH 
at which 50% of a chemical is in the ionized form. When the 
pH of the environment equals the pKa of the proton piunp 

35 inhibitor, then 50% ionization (degradation) of the proton 
pump inhi'bitor occurs. However, by adding the factor of 0.7, 
this ionization is reduced to 90%. 

The Stability Range Factor ("SRF") is the range of pH 
elevation in which the lower limit is the stun of the pKa of 

40 a given proton pump inhibitor-^0.7 log, and the upper limit 
is the pH at which elimination of acid degradation occurs 
without producing tissue irritation from extreme alkalinity. 
SRF is calculated based on the desirable shelf-life (or a 
dwell time), the environmental pH and the amount of acid 

45 cxpeaed to be encountered, along with a knowledge of the 
time of exposure expected after the drug is administered and 
before the drug reaches the blood (i.e., the dwell time). 

The upper limit of the SRF is a function of the tolerability 
of the gastrointestinal mucosa to alkaline substances, which 

50 is determined by the Fon3Qulation pH and the concentration 
of alkaline material presented. For practical purposes, 
pH-10.9 delineates an upper limit of the SRF. It is acknowl- 
edged that the amount of buffer is an important aspect of the 
tissue destructive potential of an alkaline substance. 

55 Therefore, the SRF for any given proton pump inhibitor 
begins at the sum of the pKa of the proton pump inhibitor-f 
0.7, and extends upwards to a pH of about 10.9. 

The Essential pH used with the SRF establishes a desir- 
able range for the stability to the actions of H+ ion (or other 

60 acidic component) on the proton pump inhibitor/buffer for- 
mulation. 

Sufficient buffering capacity maintains an Essential pH as 
described below as "Essential Buffering Capadty." 

Examples of pH^ calculations with SRF for specific 
65 proton pump inhibiting agents are as foUows: 

pH£^ of proton pump inhibitor^pKa of proton pump 

inhibitor+0.7. 
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SRF-lbc range: pH^ to 10.9. 

SRF for omeprazole-(pKa omeprazole+O.T) lo 10.9-<3,9+ 

0.7)-4.6 10 10.9. 
SRF for lansoprazolc-(pKa lansoprazole +0.7) to 10.9-(4.1+ 

0.7)-4.8 to 10.9. 
SRF for rabeprazole-(pKa rabeprazolc+0.7) to 10.9«(4.9+ 

0.7)-5.6 to 10.9. 
SRF for panloprazolc«(pKa paDtoprazolc+0.7) to 10.9«(3+ 

0.7)-3.7 to 10.9. 

Id most instances, the lower end of each of the above 
ranges is increased by one pH unit to minimize, by a factor 
of 10, any local effects within the stomach that may produce 
areas of lower pH tbat might cause proton pump inhibitor 
degradation. A value of +1 log value is also supported by the 
observation that weak bases operate most efficiently at 
neutralizing acid beginning at +1 log value above the pKa. 

For example, one would expect to encounter about 
100-150 ml of 0.11 to 0.16N HQ in the adult fasting 
stomach, which is equivalent to about 12-24 m£q of HQ. 
Therefore, an equal amount of base will neutralize this acid. 
If about 12-24 m£q of sodium bicarbonate is employed as 
the buffer, the resulting pH will be left at the pKa of the 
conjugate acid of sodium bicarbonate (carbonic acid), which 
is about 6.14 or greater. This is greater than the lower limit 
of the pHf for omeprazole of 4.6. Thus, administering 12-24 
m£q of sodium bicarbonate with omeprazole protects 
greater than 95% of the drug when encountering 12-24 mEq 
of HG. Because sodium bicarbonate complexes with HG at 
a rate that exceeds the rate of interaction of omeprazole, it 
is considered a suitable buffer. 

It should be noted that depending on age and disease, the 
amount of acid to be encountered can be significantly more 
or less than the 12-24 m£q range, but is generally from 
about 4 m£q to about 30 m£q. 

Using magnesium oxide or magnesium hydroxide in an 
amoimt of 12 to 24 m£q also provides sufficient neutralizing 
capacity leaving the pH at approximately 7 (lowered only 
slightly by the minimal hydrolysis of magnesium). 
However, magnesium hydroxide is not rapid in onset and 
care should be taken to ensure that early degradation of the 
proton pump inhibitor does not occur. Early degradation can 
be avoided by making a tablet comprising two layers: an 
inner layer of proton pump inhibitor and sodium 
bicarbonate, and an outer layer of magnesium hydroxide 
dried gel or magnesium oxide with suitable disintegrant such 
tbat the magnesium oxide would rapidly disintegrate in the 
stomach. Alternatively, the inner layer can contain the 
magnesium buffer and the outer layer has the proton pimip 
inhibitor and sodium bicarbonate. 

Additionally, micronization of the slower acting buffer 
can be used to enhance its ability to combine with acid. 
Calcium carbonate (and many other calcium buffers) is a 
similar slower acting (compared to sodium bicarbonate) but 
potent buffer. Therefore, if used, it would be best suited in 
an outer layer of a tablet formulation with the inner layer 
comprising a rapid acting buffer with proton pump inhibitor 
(or vice versa). Alternatively, mixtures of the buffers can be 
employed for the outer layer. If developing a liquid formu- 
lation or a powder for reconstitution, a mixrure of a rapid 
acting buffer and slower acting buffer can be used (e.g., 
sodium bicarbonate and magnesium oxide, respectively). 

Modifications to the formulations may entail adjusting the 
pH of products with basic or acidic chemicals, including but 
not limited to, chemicals described throughout this applica- 
tion. Modifications of buffer pH based on the pH^ may or 
may not be performed in specific instances, depending upon 
species, age, disease and other variations between patients. 
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D. pKa and Solubihty of Proton Pump Inhibiting Agents 

As mentioned above, the pKa of a given proton pump 
inhibitor indicates inherent stabihty with respect to acid 
degradation; the lower the pKa, the more stable the proton 

5 pump inhibitor. The solubility of the proton pump inhibitor 
will also dictate the rate at which the proton pump inhibitor 
complexes with, and is degraded by, acid. These two physi- 
cochemical characteristics (pKa and solubility) of the proton 
pump inhibitor interact with the physicochemical character- 

20 istics of the buffer(s) (pH, buffering capacity and rate of 
buffering aaion) in the presence of acid in the environment 
to determine the degradation of the proton pump inhibitor 
over time. The less soluble a proton pump inhibitor is in 
water, the lower the initial degradation when placed in an 

j5 acidic environment. The following Table 11 elaborates on 
the lime for 50% of drug to be degraded (tj/J* pl^a ^Dd 
solubility in water of several proton pump inhibiting agents. 



TABLE 11 



20 



PH 


Pantoprazole 


Omeprazole 


Lansoprazole Rabeprazole 




sodium 






sodium 


1.2 


4.6 min 


2.8 mill 


2.0 min 


13 min 


5 


18 hr 


1.0 hr 


1.1 hr 




5.1 


4.7 hr 


1.4 hr 


l.S hr 


7.2 minutes 


6 


21 hr 


73 br 


6.4 hr 




7 


73 hi 


39 hr 


35 hr 




PKa 


3 


3.9 


4.1 . 


4.9 


Solubility 


very soluble 


slightly 


very slightly 


Very soluble 






soluble 


soluble 





30 Kromer W, et al. Differences in pH- Dependent Activation Rates of Substi- 
tuted Benzimidazoles and Biological in vitro Conelates, PHARMACX)!^ 
OGY 1998; 56:57-70. 

Although pantoprazole sodium, with a pKa of 3, is 
inherently more stable in an acidic environment than other 

35 proton pump inhibiting agents, it is also very soluble in 
water and thus could undergo 50% degradation in an acidic 
stomach with a pH of 1.2 in less than 5 minutes. Therefore, 
it is important for the buffer(s) used with pantoprazole 
sodium to interact with H-f ion (or other acidic substances) 

40 more rapidly than the pantoprazole sodium interacts with 
such acids and maintain the rapid complexation through the 
dwell time; otherwise, additional dosing of buffer may be 
required. The overall pH of the gastric contents should be 
kept at least at the pKa+0.7 (i.e., 3.7) from the time the 

45 proton pump inhibitor in solution comes into contact with 
the gastric acid continuing throughout the dwell time. Essen- 
tial Buffers for liquid formulations of pantoprazole sodium 
include those buffers whose conjugate acids possess a 
pKa>3.7 and which are very soluble (e.g., potassium bicar- 

50 bonate and sodium bicarbonate) Oral solid formulations 
likewise would require buffers whose conjugate acid pos- 
sesses a pKa>3.7 and rapid complexation potential. Most 
magnesium, calcium and aluminum salts are not suitable 
unless the pantoprazole sodium is placed (with or without 

55 additional buffer) in an inner portion of a tablet or capsule 
with sucb antacids, and surrounded by a rapid acting buffer 
with a rapid disintegrant. Another formulation method for 
pantoprazole is to deaease its solubility such as by selecting 
a less soluble sah form or the non-salt form, pantoprazole. 

60 Rabeprazole sodium is also very soluble in water and 
could undergo 50% degradation in an acidic stomach with a 
pH of 1 .2 in less than 1.5 minutes. It is not very stable to acid 
degradation due to its higher pKa of 4.9. A suitable buffer(s) 
for rabeprazole sodium interacts with ion (or other acidic 

65 substances) more rapidly than the rabeprazole sodium inter- 
acts with such acids to prevent early degradation, and should 
possess high neutrahzing capacity to enable rabeprazole to 
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survive through the dwell time. Sodium or potassium bicar- inhibitor in a time sufficient to preveoi significant degrade- 
bonate would be good choices in this instance, tion of the proton pump inhibitor. In one embodiment, the 

Another option for rabeprazole sodium (as weU as any rapid acting buffer raises the pH to at least the pKa of the 
sodium salt of a proton pump inhibitor, which would tend to proton pump inhibitor plus 0.7 log value within 10 minutes, 
be more soluble than the base form) is to reduce the 5 Preferred buffer(s) produce an environment where the 
solubility of rabeprazole sodium when in aqueous form such Resultant pH of the environment is equal to or greater than 
as using a less soluble salt form or using the non-salt form. the Essential pH such that: (1) the onset of pH change to 
This decreases early degradation because the rabeprazole equal to or greater than the pH^.7 begins before the 
must first undergo dissohition in water before it is degraded acid-induced degradation of the proton pump inhibitor 
by acid. In this embodiment, the suitable buffcr(s) for lO occurs, and (2) the Resultant pH at or greater than the 
rabeprazole sodium should possess high neutralizing capac- pH^+0.7 lasts throughout the dweU time, wluch is typically 
ity to enable rabeprazole to survive through the dwell time. a minimum of 30 minutes in the case of gastric emptying for 

For proton pump inhibiting agents that possess high an adult. It is desirable that the buffer be rapid acting to 
pKa's, such as rabeprazole sodium, a two-part liquid for- minimize early acid-induced degradation. The most rapid 
mutation can be utilized. The liquid part has the proton pump i5 acting buffers are water soluble (or soluble in the 
inhibitor and a high pH, but a low mEq buffering capacity. environment). High sohibility, however, is not an absolute 
The liquid part is added to a second part that possesses a necessity as magnesium oxide and calcium carbonate, both 
lower pH but a higher mEq buffering capacity. When these only slightly soluble, are capable of significant complex- 
two parts arc added together just prior to administration, a ation with gastric acid albeit at a slower rate. If a dry 
formulation with a lower pH and a higher buffering capacity 20 formulation is used, such as a tablet, the particle size of the 
is produced which will neutralize stomach acid but not be buffer(s) can be reduced to enhance the dissolution rate 
too caustic to tissues. Examples of such formulations are while the particle size of the proton pump inhibitor can be 
provided below. increased. Disintegrants can be added to enhance the avail- 

For highly soluble proton pump inhibiting agents, the ability of poorly soluble buffers, 
formulation may be produced in a solid dosage form such as 25 Lansoprazole base is very slightly soluble in water and, as 
a tablet, capsule or powder with a buffer(s), which disinte- such, less of the drug is subject to early degradation. The 
grate and reach solution at a rate that exceeds the proton soluble portion is vulnerable to early degradation. Dissohi- 
pump inhibitor and thereby provides the Essential pH for tion of the remaining insoluble portion is expected to occur 
protection of the proton pump inhibitor prior to its dissolu- within several minutes of encountering the water of the 
tion and interaction with the add in the environment. 30 gastric secretions. This dissolution lime provides some pro- 
Further, the tablet or capsule may be formulated to possess teclion against early degradation provided that relatively low 
an outer portion of buffer and an inner portion comprising volumes of water are used for delivery or in the product 
proton pump inhibitor, or a blend of proton pump inhibitor formulation. After several minutes, upon complete 
and buffer. Additional methods inchide formulating the dissolution, lansoprazole could undergo 50% degradation in 
buffer in a smaller particle size (e.g., micronizcd) and the 35 2 minutes. Lansoprazole is moderately stable owing to its 
proton pump inhibitor in a larger particle size. This results pKa of 4.1. A suitable buffer(s) for lansoprazole should be 
in the disintegration of the buffer component prior to disin- rapid acting, and should possess moderate to high neuu-al- 
tegration of the proton pump inhibitor component. All of izing capacity to enable lansoprazole to survive through the 
these methods of formulation aim to create an environment dwell time. The pH of the gastric contents (or other 
of stability for the proton pump inhibitor during the dweU 40 environment) should be kept at greater than al>out 4.8 from 
xijxit. tbe time the proton pump inhibitor in solution comes into 

The dosage form may affect the suitability of a buffer for contact with the gastric acid continuing throughout the dwell 
use in a formulation. For example, magnesium oxide is a time. 

buffer with high buffering capacity but slow onset when E. Calculating the Acid Neutralizing Capacity of Buffers 
formulated as a tablet. However, when fonnulated as a 45 The acid neutralizing capacity ("ANC) of soluble buffers 
powder, or a tablet of low compression, or with tablet may be used to assist in selecting a preferred amount of 
disintegrants such as pregelatinized starch, it disintegrates buffer(s) needed to provide the EBC. The ANC uses both the 
more rapidly. formula weight (FWl.) and the valence to determine buff- 

Omeprazole base is only slightly soluble in water and, as cring capacity, 
such, less of the drug is subject to early and continued 50 An example of an ANC calculation for sodium bicarbon- 
degradation. The soluble portion of omeprazole is vulner- ate is as follows: 

able to early degradation in the gastric environment. Disso- Sodium BicartKinate, Na^HCOj", FWt."84, valencc-1. 
hilion of the remaining insoluble portion is expected to The conversion equation from equivalent weight to 

occur within minutes of encountering the water of the gastric grams is: 

secretions. This dissolution time provides some protection 55 (Equivalent Weight ("EW"))(1/1000 mmolXl mmol/1 
against early degradation provided that relatively low vol- mEq)«grams of NaCHOj 

umes of water are used during delivery or in the product EW«(FWt.)/(valence)-84/l-84 g/mol. 

formulation. After several minutes in the gastric (84 g/mol)(l mol/1000 mmol)(l mmol/1 mEq)(4 

environment, upon complete dissolution, omeprazole could mEq)"034 g NaHCOs needed for 4 mEq of buffer- 

undergo 50% degradation in less than 3 minutes. Omepra- 60 ing capacity. 

zole is moderately stable owing to its pKa of 3.9. A suitable Accordingly, for 10 mEq, one needs 0.840 g NaHCOg, 
buffeKs) for omeprazole is rapid acting and possesses at and for 30 mEq, 2.52. gm is required. The range of 4-30 m 
least moderate neutralizing capacity to enable omeprazole to £q is used because that is the range of mEq of acid to be 
survive through the dwell time. encountered in most patients. 

As used herein, '*rapid acting" in the context of a buffer 65 The ANCs of other buffers are similarly calculated. ANC 
means a buffer that raises the pH of the environment to determinations are from Drake and Hollander, Neutralizing 
greater than or equal to the pH^ of a particular proton pump Capacity And Cost Effectiveness Of Antacids, ANN 
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INTERN. MED. 109:215-17 (1981). Generally, the fonnu- simulated gastric fluid is added to the test container at a rale 
lations of the present invention need about 4 to about 30 of 1.6 ml/min to simulate gastric secretion, i^roximately 
mEq of buffering capacity although higher amounts could be 1.6 mL/min is removed from the test container to keep the 
used in some patients. volume in the test container consUnt. The evaluation con- 
Sodium bicarbonate in solution possesses a pH>pH£ of 5 tinues for at least 90 minutes, 
omeprazole and rapidly neutralizes acidic environments. As This methodology allows for a dynamic evaluation of 
stated above, rapid complexation with HQ is a desirable buffering capacity in a model designed to mimic a fasting 
characteristic of an Essential Buffer. IdeaUy, but not neces- human stomach. It has been described in part for use in 
sarily required as indicated in formulations that contain a evaluating antacids by Bcneyto J E, et. &U Evaluation of a 
tablet in a Ublet, the Essential Buffer complexes with the lo New Antacid, Almagate, ARZNEIM-FORSCH/DRUG RES 
acid at a faster rate than the proton pump inhibitor it is 1984; 34 (10A):1350-4; Kerkhof NJ,et al,/3!//-5/a/ Jlran'ow 
intended to protect. of Aluminum Hydroxide Gel, J. PHARM. SQ. 1977; 

In selecting Essential Buffeis, a knowledge of buffering 66:1528-32. 

capacity is also useful since they possess differing pHs at Using this method, a pH tracing can be developed for 

various concentrations. The magnitude of the resistance of a is evaluating buffers as weU as finished products. In addition, 

buffer to pH changes is referred to as buffer capacity (Beta). a sample of the test solution can be taken during the 

It has been defined by Koppel, Spiro and Van Slyke as the experiment to evaluate the extent of proton pump inhibitor 

ratio of the increment of strong acid (or base) to the change degradation at various times. Those buffers with a suitable 

in pH brought about by addition of acid. The following profile as exemplified in FIG. 9 able to maintain pH greater 

formula is used to measure buffer capacity: Buffer capacity « 20 than or equal to pH^ for 30 minutes or greater, can be 

the increment (in gram equivalents per liter) of strong acid considered suitable Essential Buffers. In one embodiment, as 

added to the buffer solution to produce a pH change (change depicted in FIG. 9, the pH was recorded over 10 second 

as measured in absolute terms), or buffer capacity-change in intervals. 

add/change in pH. Improvements in the formula have been A number of buffers may be applicable for use as Essen- 
made to improve the precision, and these form the basis for 25 tial Buffers. Therefore, once an Essential Buffer is chosen, 
mathematical comparison of buffers for consideration. See the amount necessary to provide the EBC is calculated. As 
Koppel, BioChem, Z. (65) 409-439 (1914), Van Slyke, J. used herein, the EBC is the buffering capacity, or amount of 
BIOL. CHEM. 52:525 (1922). alkaline buffer, included in the dose and calculated to 

When the proton pump inhibitor/buffer formulation is maintain the Essential pH range and thereby protect any 
placed in the environment, the proton pump inhibitor is 30 substituted benzimidazole. proton pump inhibitor in the 
subject to degradation by the acid in that environment. As gastric (or other) environment. In patients requiring con- 
depicted in FIG. 9, proton pump inhibitor solubility, the pKa tinning proton pump inhibitor administration (e.g. daily), 
of the proton pump inhibitor, and the amount and concen- more buffering capacity may be necessary with the first dose 
tration of acid (H+ ion) encountered in the environment are or first few doses than with subsequent doses because the 
variables that can be used to determine the appropriate 35 proton pump inhibitor may encounter more acid with the 
candidate as an Essential Buffer. Early degradation occurs initial doses. Subsequent doses will require less buffering 
when the soluble portion of the proton pump inhibitor (that capacity because the initial proton ptunp inhibitor doses will 
portion available for immediate interaction with H+ ion) have reduced gastric acid production. The EBC could there- 
undergoes hydrolysis by H+ ion. proton pump inhibiting fore be reduced in subsequent doses. The product's buffering 
agents differ in their solubility and, therefore, those that are 40 capacity may be formulated as desired, for instance with 
more soluble have a potential for a higher portion of proton respect to patient age, gender or species, 
pump inhibitor degraded by early interaction with H+ ion. Experimental data from adult human subjects showed an 
The pKa of the proton pump inhibitor and the pH of the effective EBC range of a first dose of omeprazole to be about 
environment of the stomach (or other site of interest) after 4 to about 20 mEq ("EBC-O range") of sodium bicarbonate, 
addition of the proton pump inhibitor/buffer formulation 45 with a range of about 12 to about 25 mEq suitable in most 
(Resultant pH) can be used to determine the desirable instances. Subsequent doses of omeprazole require less 
Essential Buffer. By measuring the Resultant pH over lime, EBC, with a range of about 4 to 15 mEq sodium bicarbonate, 
the pH data versus time can be plotted as seen in FIG. 9. The In one embodiment, this latter EBC range proved optimal for 
graph of pH over time can then be used to evaluate various an omeprazole suspeission administered to patients with 
buffeis. 50 varying degrees of gastrointestinal transit and acid output. 

Such a graph can be developed for a potential buffer or based on a knowledge of basal and maximal acid outputs of 

buffer combination using the Rosselt-Rice test (Rosset N E, 2 and 25 mEq/hour, respectively. These studies have been 

Marion L: An In Vitro Evaluation Of The Efficacy Of The reported in Phillips J. 0. et al., CRIT. CARE MED. 1996; 

More Frequently Used Antacids With Particular Attention Lasky et al., J. TRAUMA 1998. 

To Tablets, ANTACIDS 26:490-95 (1954), modified with 55 Based on the EBC-0 range, the above ANC calculation 

continual addition of simulated gastric fluid. See USP XXIII, can be employed. Additionally, it is expected to encounter 

The United Stales Pharmacopeia, 23"^ Revision, United about . 100-150 mLof 0.1 N HQ (equating to about 12-24 

States Pharmacopeia Convention, Inc. Briefly, the test mEq of acid) in a fasting stomach. Variations in the acid 

employs 150 mL of simulated gastric fluid consisting of 2 encountered in the environment will affect the Essential 

Gm of sodium chloride and 3.2 Gm of pepsin, which are 60 Buffering Capacity required. The above EBC ranges relate 

dissolved in 7 mL of IN HCl, q.s. lo 1000 mL with distilled to adult patients. Children, however, produce less add per 

water. The pH of the simulated gastric fluid is 1.2. A unit lime in comparison to adults. Therefore, depending on 

container of 150 mL of this fluid is stirred at 300 rpm±30 the patient population, the amount of Essential Buffering 

rpm with a magnetic stirrer and kept at 37.1" C. A pH Capacity required may be altered. 

electrode is kept in the upper region of the solution. The test 65 Numerous references are available to assist the skilled 

buffer or the subject formulation is added to the container to artisan in identifying a suitable buffer companion with a 

start the evaluation. At 10 minutes, a continuous drip of proton pump inhibitor to determine the desirable character- 
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islics suied herein. See, e.g., Holberl, el. al., A Study of 
Antacid Buffers: J. Hie Tune Factor in Neutralization of 
Gastric Acidity, J. AMER. PHARM. ASSN. 36:149-51 
(1947); Lin, et. al.. Evaluation of Buffering Capacity and 
Acid Neutralizing pH Time Profile of Antacids, J. FOR- 5 
MOSA MED. ASSN. 97 (10) 704-710 (1998); Physical 
Pharmacy, pp 169-189; Remington: The Science and Prac- 
tice of Pharmacy (2000). 

F. The Desirable \folume 

The Desirable Volume ("DV") of a protoD pump inhibitor 
dose may affect proton pump int^bitor delivery to and action ^ 
upon parietal cell proton pumps. The DV of a dose is partly 
based on the EBC. For liquid formulations, a desirable 
volume should deliver sufBcient buffer to act as an antacid 
to neutralize a substantial amount of gastric or other acids. 
For solid formulations such as tablets, a nominal amount of 
water or other fluid will be consumed to aid in swallowing 
the tablet. Liquid preparations of the present invention use 
volumes as small as about 2 ml or in excess of about 60 ml. 
Volumes smaller than 2 ml and laiger than 60 ml are 
contemplated, and may be u^ed as desired to suit individual 20 
patients, such as those of advanced or very young age or of 
different species. Very large volumes may lead to higher 
amounts of less soluble proton pump inhibiting agents (e.g., 
omeprazole, lansoprazole base forms) going into solution, 
which could result in vulnerability to early degradation. 25 

For instance, volumes smaller than about 2 ml may be 
used in newborns or premature infants, or in small animals, 
because of their smaller stomach size. Also, a large DV may 
be required for doses formulated with dilute buffer 
concentrations, to achieve the EBC. The relationship 
between the EBC and DV is in part shown below: 

If EBC(mg buffer)-Buffer conc.(mg/ml)xDV(ml), 

then DV(ml)-EBC(mg)/Buffer conc.(mg/ml). 

Alternatively, mEq can be substituted for mg in the 
formula. 

G. Secondary Components of the Formulations 
Secondary components are not required but may be used 

to enhance the pharmacological action or as pharmaceutical 
aids. Secondary components may include, but are not lim- 
ited to, parietal cell activators and other ingredients. Parietal 
cell activators, as discussed above, are compounds that ^ 
produce an increase in proton pump activity such that proton 
pumps are relocated from storage sites of the parietal cell, 
i.e. tubulo vesicles, to the site of H+, K+ exchange at the 
secretory canaliculus. A parietal cell activator may also serve 
other functions. For example, sodium bicarbonate is an 45 
Essential Buffer as well as a parietal cell activator, chocolate 
is a parietal cell activator and a flavoring agent, and 
aspartame, which contains phenylalanine, is a sweetener as 
well as a parietal cell activator. 

Parietal cell activators can be divided into four groups: 1) so 
rapid acting buffers that are weak bases, strong bases or 
combinations thereof that also produce a rapid onset of effect 
(the pH drops rather suddenly after the buffer is exhausted; 
these buffers typically cause the pH of the stomach to rise to 
above 5); 2) amino acids, protein hydrolysates and proteins; 55 
3) calcium containing compounds such as calcium chloride 
or calcium carbonate; and 4) compositions such as coffee, 
cocoa, caffeine and peppermint. 

The other ingredients comprise components of a formu- 
lation that are secondary to the primary components. Other 60 
ingredients include, but are not limited to, thickening agents, 
flavoring agents, sweeteners, antifoaming agents (such as 
simethicone), preservatives, antibacterial or antimicrobials 
agents (such as cefazolin, amoxicillin, sulfamethoxazole, 
sulfisoxazole, erythromycin and other macrolides such as 65 
clarithromycin or azithromycin), and Secondary Essential 
Buffers. 



Desirable flavoring agents may be added to the dosage 
forms, and may or may not need to be buffered to the pH^^. 
Flavoring agents with pH values inherently suitable to the 
range of pH^ values of proton pump inhibiting agents 
include, but are not limited to, apple, caramel, meat, 
chocolate, root beer, maple, cherry, coffee, mint, licorice, 
nut, butler, butterscotch, and peanut butter flavorings, used 
alone or in any combination. Similarly, all substances 
included in the formulation of any proton ptmap inhibitor 
product, including but not limited to, activators, antifoaming 
agents, potentiators, antioxidants, antimicrobial agents, 
chelators, sweeteners, thickeners, preservatives, or other 
additives or substances may be buffered to the pH^. 
H. Examples Utilizing the Calculations 

The pHf, the EBC, and the DVof a proton pim:ip inhibitor 
dose may affect proton pump inhibitor delivery to, and 
action upon, parietal cell proton pumps. The following 
calculations tailor an Essential Buffer dose for any substi- 
tuted benzimidazole proton pump inhibitor to promote pro- 
ton pump inhibitor efiGcacy in an oral administration. 

Example 1: To deliver a 20 mg dose of omeprazole 
(pKa-3.9) in sodium bicarbonate: 
Step 1: The pH£: of omeprazole-pKa of omeprazolc+0.7- 
4.6. The SRF of omeprazole-pH^ to 10.9-4.6 to 10.9. 
At a Formulation pH of 4.6 to 10.9, the conjugate base 
of sodium bicarbonate (carbonic acid) has a pKa of 
6.14. Therefore, an amount of sodium bicarbonate 
equivalent to the amount of acid to be encountered 
would produce a pH of 6.14, which is within the SRF 
of 4.6 to 10.9. Sodium bicarbonate would make a 
suitable choice as a buffer. 
Step 2: The EBC-4 to 30 mEq buffering capacity equiva- 
lent. 

Step 3: To determine the amount of sodium bicarbonate to 
administer with the omeprazole, the ANC for sodium 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84 for 4-30 mEq)-(EW)(l/1000 
mmol)(l mmol/1 mEqXEBQ 
EW-MW/(valence)-84/l-84 g/mol 
(84 g/moI)(l mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-0.34 g to 2.52 g 
Step 4: For liquid formulations, if the DV-20 ml, then 
DV-Essential Buffer (EB) (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml«17 
mg/ml to 126 mg/ml. 
Therefore, for 20 mg of omeprazole to be adequately 
buffered in 20 ml of solution, the concentration of sodium 
bicarbonate should be 17 to 126 mg/ml. 

Example 2: To deliver a 20 mg dose of omeprazole 
(pKa«3.9) in dibasic sodium phosphate: 
Step 1 : The pH£^ of omeprazole-pKa of omeprazole+0.7. 

The SRF of omepra2ole-(3 .9+0.7) to 10.9-4.6 to 10.9. 
Step 2: The EBC-4 to 30 mEq buffering capacity equiva- 
lent. 

Step 3: To determine the amount of dibasic sodium 
phosphate to administer with the omeprazole, the ANC 
for dibasic sodium phosphate is calculated. The ANC 
for dibasic sodium phosphate (MW-142)-(EWXl/ 
1000 mmol)(l mmol/1 mEq)(EBC). 
EW-MW/(valence).142/2-71 g/mol. 
(71 g/mol)(l mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-0.28 g to 2.13 g 

Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV«280 mg to 2130 mg/20 ml-14 
mg/ml to 107 mg/ml. 
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Therefore, for 20 mg of omeprazole lo be adequately 
buffered in 20 ml of solution, the conccntratioD of dibasic 
sodium phosphate should be 14 to 107 mg/ml. The pka of 
disodium phosphate is 7.21. Therefore, an amount of diso- 
dium phosphate equivalent to the amount of acid to be ^ 
encountered would produce a pH of approximately 7.2. 
Thus, disodium phosphate would make a suitable choice as 
a buffer. 

Example 3: To deliver a 30 mg dose of lansoprazole 
(pKa-4.1) in sodium bicarbonate: 

Step 1: The pHj^ of lansoprazole -pKa of lansoprazole+ 

0.7. The SRF of lansoprazole-(4. 1+0.7) to 10.9-4.8 lo 

10.9. 

Step 2: The EBC-4-30 mEq buffering capacity equiva- 15 
lent. 

Step 3: To determine the amount of sodium bicarbonate to 
administer with the lansoprazole, the ANC for sodium 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84)-(EW)(l/1000 mmol)(l mmol/1 2° 
mEqXEBQ 

EW-MW/valence-84/1 g/mol 
(84 g/molXl mol/1000 mmolXl mmol/1 mEqX4 to 30 
mEq)-034 g to 2.52 g 
Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml-17 
mg/ml to 126 mg/ml. 
Therefore, for 30 mg of lansoprazole to be adequately ^ 
buffered in 20 ml of solution, the concentration of sodium 
bicarbonate should be about 17 to about 126 mg/ml. 

Example 4: To deliver a 40 mg dose of pantoprazole 
(pKa-3) in sodium bicarbonate: 

Step 1: The pH^ of pantoprazole-pKa of pantoprazole**- 35 
0.7. The SRF of pantoprazole-(3+0.7) to 10.9-3.7 to 
10,9. 

Step 2: The EBC-4-30 mEq buffering capacity equiva* 
lent. 

Step 3: To determine the amount of sodium bicarbonate to ^ 
administer with the pantoprazole, the ANC for sodium 
bicarbonate is calculated. The ANC for sodium bicar- 
bonate (MW-84)-(EW)(l/1000 mmol)(l mmol/1 
mEqXEBQ 

EW-NfW/(valence)-h 84/1 g/mol « 
(84 g/mol)(l mol/1000 mmolXl mmol/1 mEqX4 lo 30 
mEq)-0.34 g to 2.52 g 
Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml) 
Buffer conc.-EB/DV-340 mg to 2520 mg/20 ml-17 
mg/ml to 126 mg/ml. 
Therefore, for 40 mg of pantoprazole to be adequately 
buffered in 20 ml, the concentration of sodium bicarbonate 
should be about 17 to 126 mg/mL 

Example 5: To deliver a 20 mg dose of rabeprazole 
(pKa-5) in sodium phosphate dibasic: 

Step 1: The pH^ of rabeprazole-pKa of rabeprazole+0.7. 

The SRF of rabeprazole-4.940.7) to 10.9-5.6 lo 10.9. 
Step 2: The EBC-4-30 mEq buffering capacity equiva- ^ 
lent. 

Step 3: Therefore, to determine the amount of sodium 
phosphate dibasic to administer with the rabeprazole, 
the ANC for potassium sodium dibasic is calculated. 
The ANC for sodium phosphate dibasic, (duohydrate) 65 
(MW-174)-(EW)(1/1000 mmol)(l mmol/1 mEq) 
(EBQ 
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EW-MW/valence-178/1 g/mol 

(178 g/molXl mol/1000 mmolXl mmol/1 mEqX4 10 
20 mEq)-0.712 g to 5.34 g sodium phosphate diba- 
sic. 

Step 4: For liquid formulations, if the DV-20 ml, then 
DV-EB (mg)/Buffer cone, (mg/ml). 

Buffer conc.-EB/DV 0.712 g to 2 g/20 ml-35.6 mg/ml to 
100 mg/ml. In this case, the solubility of disodium phos- 
phate would limit the amount that could be dissolved ia 20 
mL. Obviously, this would exceed the solubility of disodium 
phosphate (sodium phosphate dibasic). Therefore, for 20 mg 
of rabeprazole to be adequately buffered in 20 ml of 
solution, the oonceotration of sodium pho^bate dibasic 
should be about 35.6 mg/ml to 100 mg/ml at a pH range of 
about 6.9 to 10.9. The pka of disodium pho^bate is 7.21. 
Thus, an amount of disodium phosphate equivalent to the 
amount of acid to be encountered would produce a pH of 
approximately 7.2. Accordingly, disodium phosphate would 
make a suitable choice as a buffer. 

It should be noted that the suitability of buffers relates to 
their use immediately after mixing. In order to enhance the 
shelf-life, higher pH values would be anticipated within the 
range of acceptable pH^^ for a given proton pump inhibitor. 
As an example, rabeprazole suspensions containing various 
buffers were evaluated for color change because degradation 
of proton pump inhibiting agents results in a color change to 
brown or black. All buffer suspensions started out white in 
color. After 2 weeks the following observations were made: 



20 mg Rabeprazole io Various BuSieis Stored Under 




Refri2e rated Conditions As SusDcnsions 




Original 


Color 14 


pH 


Buffer Color 


days 


at 14 days 


Sodium bicarbonate 800 mg/lO mL white 


brown 


83 


Disodium pboephate 800 mg/lO mL white 


white 


10.3 


Disodium phosphate 700 mg; white 


white 


10.5 


Trisodium phosphate 100 mg/10 mL 







Similar calculations may be performed for any substituted 
benzimidazole proton pump inhibitor and appropriate 
buffer(s) including, but not limited to, those exemplified 
above. One skilled in the art will appreciate that the order of 
the above steps is not critical to the invention. The above 
calculations may be used for formulations comprising one or 
more proton pump inhibitor and one or more buffers. 
I. Veterinary Formulations 

Horses produce stomach acid continuously throughout the 
day. It is the basal acid secretion from the stomach in the 
absence of feeding that is responsible for the erosion of the 
squamous mucosa in the stomach and ulcers. Horses on 
pasture normaUy secrete a continuous supply of saliva, 
which buffers the stomach acid. When horses are being 
ridden regularly, trained for shows or prepared for sales, they 
are usually kept in stalls much of the day. Under these 
conditions, the natural salivary buffering mechanism is 
disrupted and acid indigestion often results. 

Almost 40 to about 100 m£q of buffer capacity should 
provide approximately 2.5 houis of neutralization for a 
horse. The usual dose of omeprazole ranges from 0.7 to U 
nag/kg/day (doses up to 4 mg^g/day may be required) and 
a typical weight for a horse is 500 kg. Similar dosages are 
expected for rabeprazole and lansoprazole. 

Dogs can also suffer from ulcers and their dosage is 
approximately 1 mg/kg/day. The following formulations are 
designed for use in horses but smaller amounts can be used 
in dogs with an £BC of 10 to 20 m£q. 



• 
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Fonnulation 5: \^tehnary Fonnulatioo of Omeprazole 
This fonnulation is paniculaily well suited for animals rather 
than humans because the dose of proton pump inhibitor is 
high. EBC - 75 m£q Essential pH (omeprazole 
pKa - 3.9 + 0.7 1 4.6) 

Proton pump inhibitor: 

Omeprazole powder 

Primary Essential Buffer(s): 

Sodiimi bicarbonate 
Dibasic sodium phosphate (anhydrous) 
Optional Secondary Essential Bufifer<s): 

Tribasic sodium phosphate 



500 mg (a range of 
350 to 700 m^ 



5 g {595 mEq) 
2 g (34 mEq) 



200 mg. (1^ mEq) 



(* Any Secondary Essential Buffcr(s) may be added in higher or lower 
amounts to adjust pH for desired stability and additive antacid or bufiTering 
efiFecL) 

Powders of the above compounds are combined as is 
known in the art to create a bomogenotis mixture with the 
addition of a thickener such as guar gum 350 mg, artificial 
maple flavor powder 100 mg, thaumatin powder 10 mg (to 
mask the bitterness of omeprazole), and sucrose 25 Gm. Q^. 
to 100 mL with distilled water to achieve a final omeprazole 
concentration of 5 mg/mL. Different volumes of water may 
be added to achieve omeprazole concentrations ranging 
from about 0.8 to about 20 mg/mL. 

Alternatively, this fonnulation may be divided into two 
parts. The dry part may be reconstituted with the liquid part 
at the time of use. 



Formulation 6: Veterinary Formulation of Lansoprazole 
Essential pH (lansoprazole pKa-4.1 0.7 g 4.8) 
EBC - 71.4 mEq 



Proton pump inhibitor: 

Lansoprazole powder 
Primary Essential Buffer(s): 

Sodium bicarbonate 



750 mg 

6 g (73.4 mEq) 



(* Any Secondary Essential Buffer(s) may be added in higher or lower 
amounts to adjust pH for desired stability and additive antacid or buffering 
effect.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as xantban gum 300 mg, 
artificial peanut butter flavor powder 100 mg, and sucrose 35 
Gm. Q.s. to 100 mL with distilled water to achieve a final 
lansoprazole concentration of 7.5 mg/mL. The suspension 
should be refi'igerated after reconstitution. Different vol* 
umes of water may be added to achieve lansoprazole con- 
centrations ranging from 0.8 to 20 mg/mL. 

Alternatively, this formulation may divided into two parts. 
The dry part may be reconstituted with the liquid part at the 
time of use. 



Formulation 7: Veterinary Formulation of Lansoprazole 
Essential pH (lansoprazole pKa - 4J 0.7 § 4.8) 
EBC - 63.3 mEq 



Proton 



pump 



inhibitor: 



15 



20 



40 



45 



60 



Formulation 7: Veterinary Formulation of Lansoprazole 
Essential pH (tonsoprazole pKa - 4.1 + 0.7 g 4.8) 
EBC - 63.3 mEq 



10 



Lansoprazole powder 



65 



750 mg 



Primary Essential Buffer(s) 

Sodium bicarbonate 
Secondary Essential Buffer(s): 

Soditim carbonate 



5 g (59.5 mEq) 
400 mg- (3.8 m£q) 



(* Any Secondary Essential Buffer(s) may be added to adjust pH Cor 
desired stability and additive antacid or buffering effect) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as faydroxypropyl methyl cel- 
lulose 300 mg, artificial maple flavor 100 mg, and sucrose 35 
Gm. Q.s. to 100 mL with distilled water to achieve a final 
lansoprazole concentration of 73 mg/mL. Different vohunes 
of water may be added to achieve lansoprazole concentra- 
tions ranging from 03 to 20 mg/mL. 

Alternatively, this formulation may divided into two parts. 
The dry part may be reconstituted with the liquid part at the 
time of use. 



25 



30 



Formulation 8: Veterinary Formulation of Esomeptazole Magnesium 
Essential pH (esomeprazole pKa • 3.9 -f 0.7 g 4.6) 
EBC . 53.2 mEq 



35 



Proton pump inhibitor: 

Esomeprazole magnesium powder 
Primary Essential Buffer(s): 

Sodium bicarbonate 
Dibasic sodium phosphate 



500 mg 



5 g (47.6 mEq) 
800 mg (5.6 mEq) 



(* Any Secondary Essential Buffer(s) may be added in higher or lower 
amounu to adjust pH for desired stability and additive antadd or buffering 
capacity.) 

Powders of the above compounds are combined as is 
known in the art to create a bomogenotis mixture with the 
addition of a thickener such as hydroxypropyl cellulose 300 
mg, artificial butterscotch flavor 100 mg, thaumatin powder 
5 mg, and sucrose 30 Gm. Q.s. to 100 mL with distilled 
water to achieve a final esomeprazole concentration of 73 
mg/mL. Different volumes of water may be added to achieve 
esomeprazole concentrations ranging from 0.8 to 20 mg/mL. 



50 



55 



Formulation 9: Veterinary Formulation of Pantoprazole Sodium or 
Pantoprazole Base Powder 
Essential pH (pantoprazole soditmi pKa 3 -f 0.7 ^ 3.7) 
EBC - 53.8 mEq 



Pantoprazole sodium or pantoprazole 
powder 

Primary' Essential Buffer(s): 

Sodium bicarbonate 
Secondary Essential Buffer(s): 

Trisodium phosphate 



1000 mg 

4 g (47.6 mEq) 
1000 mg* (6.2 mEq) 



(*Any Secondary Essential Buffer(s) may be added b higher or lower 
amounts to adjust pH for desired stability and additive antadd or buffering 
capacity.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as hydroxypropyl cellulose 300 
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mg, artificial buttcrscolcb flavor 100 mg, lhaumalin powder 
5 mg, and sucrose 30 Gm. Q^. lo 100 mL with distilled 
water to achieve a final pantoprazole concentration of 10 
mg/mL. Different volumes of water may be added lo achieve 
esomeprazole concentratioos ranging from 0.2 to 20 mg/mL. 



FonnuUdon 10: Veterinary Fonnulalion: Buffer Base Without Proton 


Piunp Inhibitor 




EBC - 71.4 mEq 




Primary Essential Buffer: 




Sodium Mcarfoonate 


6 g 71.4 mEq 


Optional Secondary Essential Buffer 




Tribasic sodium phosphate 


3000 mg- 



10 



15 



(-Any Secoodaiy Essential Buffer may be added in higher or lower 
amounts to adjust pH for desired stability and additive antacid or buffering 
capacity.) 

Powders of the above compounds are combined as is 
known in the art to create a homogenous mixture with the 
addition of a thickener such as hydroxypropyl cellulose 300 
mg, artificial butterscotch flavor 100 mg, thaumatin powder 
5 mg, and sucrose 30 Gm. Qs, to 100 mL with distilled 
water. A proton pump inhibitor or other acid-labile drug may 
be added by the compounding pharmacist selected from 
available proton piunp inhibiting agents or acid-labile drugs 
from powder or enteric-coated oral solid dosage forms. 
Different volumes of water may be added to achieve proton 
pump inhibitor concentrations ranging from 0.8 to 20 
mg/mL. If other acid labile drugs are employed, the range of 
concentrations would be as required to deliver the normal 
dosage in an acceptable volume of 1 mL to 30 mL. The 
amount of buffer required lo protect the drug in question will 
also determine the minimal feasible volume. This formula- 
tion may be in the form of a one-part product (liquid or dry) 
or a two-part product (liquid and dry), for examples. In the 
two-part example, the drug to be added to the formulation 
may be added to the dry formulation and the liquid part may 
be added at the time of use, or the drug may be added to the 
liquid portion which would be buffered to a pH above that 
required for disintegration of enteric-coated dmg formula- 
tions (typically pH of 6.8 or greater). 

For all of the veterinary and human oral dosage forms 
disclosed herein, sweeteners, parietal cell activators, 
thickeners, preservatives, and flavoring agents may also be 
added. Sweeteners include but are not limited to com syrup, 
simple syrup, sugar, thaumatin, and aspartame. Thickeners 
include but are not limited to metbylcellulose, xanthan gum, 
carrageenan, and guar gum. Preservatives may be added to 
retard spoilage and include but are not limited to sodium 
benzoate, methylparaben and propylparaben. Flavoring 
agents in these formulations include but are not limited to 
apple, caramel, maple, peanut butter, meat, etc. 
J. Other Formulations 

For all formulations herein, the total amount of Essential 
Buffer may range from about 4 mEq to about 30 mEq per 
dose. 



Formulation 11: Oral Buffer Complex Without Proton Pump Inhibitor (for 
general use to protect acid labile drugs) Multidose Composition 

Primarv Essential Buffer 



20 



Dibasic sodium phosphate or sodium- 
bicarbonate 
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-continued 



Formulation 11: Oral Buffer Complex Without Proton Pump Inhibitor (for 
general use to protect acid labile drugs) Multidose Composition 



50 



Optional Secondary Essential Buffer: 


200 


mg 


Tribasic sodium pho^hate or 






sodium carbonate 






Other ingredients: 






Sucrose 


26 


g 


Maliodextrin 


2 


g 


Cocoa processed with alkali 


1800 


mg 


Com syrup solids 


6000 


mg 


Sodium caseinate 


100 


mg 


Soy lecithin 


80 


mg 



60 



10 g (range 2 g to 10 g) 65 



('Any Secondary Essentia) Buffer may be added in higher or lower 
amounts to adjust pH for desired stability and additi\'e antacid or buffering 
capacity.) 

Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Preservatives may be added to retard spoilage and include 
but are not limited to sodium benzoate, methylparaben, and 
propylparaben. Thickeners such as xanthan gum, guar gum, 
25 or hydroxym ethyl propyl cellulose can be flavoring agents in 
these formulations include chocolate, caramel, maple, butter 
pecan and other flavorings as have been outlined previously. 
Different volumes of water may be added to achieve proton 
pump inhibitor concentrations ranging from 0.8 to 20 
30 mg/mL. 

Weigh out approximately 60 g of the formulation. Add 
proton pimip inhibitor (or other acid-labile drug) typically in 
the amoimt equivalent to 10 doses (range 1 dose to 30 
doses). 

^5 Q.S. to 100 mL with distilled water. 



40 



Formulation 12: Oral Buffer Complex Without Proton Pump 
Inhibitor For General Use to Protect Acid Labile Drugs; Protein 
Free, Multi-Dose Example 



Primary Essential Buffer 
Sodium bicarbonate 

45 Optional: Secondary Essential 
Buffer 



None- 

Other ingredients 

Sucrose 
Maltodextrin 

Cocoa processed with alkali 
Com syrup solids 
Soy lecithin 



5 g (range 2 g to 10 g) (59J 
mEq) 



26 g 

2 8 
1800 mg 
6000 mg 
80 mg 



Note thai cocoa is a parietal cell activator. 

(•Any Secondary Essential Buffer may be added in higher or lower 
amouDis to adjust pH for desired stability and additive aniadd or buffering 
capacity.) 

Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Weigh out approximately 60 g of the formulation. Add 
proton pump inhibitor (or other acid-labile drug) typically in 
the amount equivalent to 10 doses (range-1 dose to 30 
doses). 

O.S. to 100 mL with distilled water. Different volumes of 
water may be added to achieve proton pump inhibitor 
concentrations ranging from 0.8 to 20 mg/mL. 
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Fonnulation 13: Buffer Complex Without Proton Pun^ 
Inhibitor For General Use to Protect Add Labile Drug^; 
Protein Free. Lactose Free Multidose Example 



Proton puxry inhibitor: 

None (to be added later, e.g. by 
compounding pharmacist) 
Primary Essential Buffer(>): 

Sodium bicarbonate 
Other ingredients: 

Suaose 

Maltodextrin 

Com synip solids 

Partially bydrogeoated soybean oil 

Dipotassium phosphate 

Caramel flavor 

Soy lecithin 

Sodium silico aluminate 
Titanium dioxide 



Formulation IS: Buffer Complex Without Procon Pump Inhibitor 
For General Use to Protect Acid Labile Drugs; Protein Free, 
Muld-EXjse Example 



8 g (range 2 g to 10 g) 



26 g . 

2 g 
6000 mg 
400 mg 
300 mg 
270 mg 
80 mg 
20 mg 
10 mg 



10 



15 



20 



Primary Essentia) Buffer(s): 




Sodium bicarbonate 


8 g (range 1 g to 10 g) 


Secondary Essential Buffer(s): 




Trisodium phosphate 


1.5 g (range 0 g to 5 g) 


Other ingredients: 




Sucrose 


26 g 


Maltodextrin 


28 


Butterscotch flavor 


270 mg 


Com synjf) solids 


6000 mg 



Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 

Optional Secondary Essential Buffer: 25 

Tribasic sodium phosphate 1000 mg 

Weigh out approximately 60 g of the formulation. Add 
proton pump inhibitor (or other acid -labile drug) typically in 
the amount equivalent to 10 doses (range* 1 dose to 30 
doses). Q.S. to 100 mL with distilled water. Different vol- 30 
umes of water may be added to achieve proton pump 
inhibitor concentrations ranging from 03 to 20 mg/mL. 



Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 
Weigh out approximately 60 g of the formulation. Add 
proton pump inhibitor (or other add-labile drug) typically in 
the amount equivalent to 10 doses (range«l dose to 30 
doses). Qj&, to 100 mL with distilled water. Different vol- 
umes of water may be added to achieve proton pump 
inhibitor concentrations ranging from 0.8 to 20 mg/mL. 



Formulation 14: Buffer Complex Without Proton Pun^ Inhibitor 
For General Use to Protect Acid Labile Drugs; Protein Free, 
Multi-Dose Exarr^le 



Proton 



pump 



inhibitor: 



None (to be added later, e.g. by 
compounding pharmacist) 
Primary Essential Buffer(s): 

Dibasic sodium phosphate 
Other ingredients: 

Suaose 
Maltodextrin 
Butterscotch flavor 
Corn syrup solids 



35 
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Formulation 16: One Phase LaDsoprazole 30 mg Ihblet 
Lansoprazole has a pKa of 4.1; thus, the Essential 
pH - 4.1 + 0.7 a 4.8 
Examples of buffers that produce a solution with pH 4.8 or 
greater and produce the Essential Buffering Capacity tnchuk, 
but are not limited to, sodium bicarbonate, sodium carbonate, 
dibasic soditmi phosphate, and d^)otassium phosphate. 
Enough powder for 11 tablets is weighed out: 



Proton pump inhibitor: 

Lansoprazole powder 
Primary Essential Buffer(s): 

Sodium bicarbonate USP 
Dibasic sodium phosphate 



330 mg 



5500 mg 
2200 mg 



8 g (range 2 g to 10 g) 



26 g 

2 B 
270 mg 
6000 mg 



45 



The resultant powder is thoroughly mixed. Then 720 mg 
of the homogeneous mixmre is poured into a tablet reservoir 
(Vi inch diameter) and pressed through a full motion of the 
press as is known in the art. The resultant tablet contains: 



Thoroughly blend the powder, then store in a container 
protected from light and moisture, such as in a foil packet. 

Weigh out approximately 60 g of the formulation. Add 
proton pump inhibitor (or other acid-labile drug) typically in 
the amount equivalent to 10 doses (range»l dose to 30 
doses). Q.S. to 1(X) mL with distilled water. Different vol- 
umes of water may be added to achieve proton pump 
inhibitor concentrations ranging from 0.8 to 20 mg/mL. 



Formulation 15: Btiffer Complex Without Proton Pump Inhibitor 
For General Use to Protect Acid Labile Drugs; Protein Free, 
Multi-Dose Example 

Proton pump inhibitor: 

None (to be added later, e.g. by 
con^unding pharmacist) 



Lansoprazole 30 mg 

Sodium bicarbonate USP. 500 mg 

Disodium hydrogen phosphate 200 mg 



The tablet contains 6 m£q sodium bicarbonate and 1.4 
mEq dibasic sodium phosphate. Variations in this tablet may 
include a tablet containing all dibasic sodium phosphate or 
all sodium bicarbonate or other buffers from the Essential 
Buffers list. The amount of Effective Buffer Capacity per 

^ tablet may range from as little as about 4 mEq to as much 
as about 30 mEq. 

Additional tablet disintegrants such as croscarmelose 
sodium, pregelatinized starch, or providone, and tablet bind- 

^ ers such as tapioca, gelatin, or PVP may be added. Further, 
a film coating may be placed on the tablet to reduce the 
penetration of light and improve ease of swaUowing. 



• 
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Fonrailation 17: One Phase Omeprazole 20 mg "ftblct 
Omeprazole has a pKa of 3.9; thus, the Esscmisl 
pH - 3.9 + 0.7 4.6 
Examples of buSen that are soluble at pH 4.6 or greater 
include, but are not limited to, sodium bicarbonate, sodium 
carbonate, disodium hydrogen phosphate (dibasic 
sodium phosphate), and dipotassium phosphate. 
Enough powder for 11 tablets is weighed out: 



Proton pump inhibitor: 






Omeprazole powder USP 
Primary Essential Buffer(fi): 


220 mg 




Sodium bicarbonate USP 
Magnesium oxide powder 
Croscarmelose sodium 


6500 mg 
1650 mg 
300 mg 


15 



The resultant powder is thoroughly mixed. Then 788 mg 
of the homogeneous mixture is poured into a tablet reservoir 
(H inch diameter) and pressed through a fall motion of the 
press as is known in the art. The resultant tablet contains: 



binders, and film coatings of Formulation 16 may also be 
added. In addition, powders of any of the formulations 
disclosed herein may be manufactured by thoroughly mixing 
the powders as when making tablets and omitting the 
pressing of the tablets. The powder is packaged in a suitable 
container protecting the formulation from air moisture and 
light such as a foil pack or sachet. When added to a volume 
of water (e.g. 3 to 20 mL) the formulation may be taken 
orally or administered down a feeding or NG tube, etc. 
Flavoring agents such as arc outlined in the above formu- 
lations may be used, for example, caraacl flavor 0.1% w/w. 
For bitter tasting proton pump inhibiting agents such as 
pantoprazole, omeprazole, csomperazole and rabcprazole, 
the use of thaumatin in a quantity of 5 to 10 ppm may be 
useful in masking the bitterness. Sweeteners such as sucrose 
or aspartame may also be employed. Tablet disintegrants 
such as croscarmelose sodium and glidants such as magne- 
sium stearate may additionally be used. 



Formulation 19: Omeprazole Powder Formulations (single dose) 
Proton pxmip inhibitor 



Omeprazole USP 
Sodium bicarbonate USP 
Magnesium oxide 
Croscarmelose sodium 



20 mg 
590 mg 
ISO mg 
27.27 mg 



25 



Omeprazole powder USP 
(or esomeprazole magnesium). 
Primary Essential Buffei(s): 



Hic tablet contains 7 mEq sodium bicarbonate and 3.75 
mEq magnesium oxide. The amount of Effective Buffer 
Capacity may range from as little as about 4 mEq to as much 
as about 30 mEq. The tablet excipients, tablet binders, and 
film coating of Formulation 16 may also be added. 



Sodium bicaibonate USP powder (60 micron) 
Magnesium oxide USP powder 
30 Optional Secondary Essential Buffcf(s): 

Tiibasic sodium phosphate 
Other ingredients: 

Dextrose 

35 Xamhan gum (Rhodigel ultra fine) 
Thaumatin (Flavor enhancer) 



20 mg or 40 mg 



1000 mg 
500 mg 



200 mg' 



60 mg 
15 mg 
5 to 10 ppm 



Fonnulation 18: One Phase Omeprazole 40 mg Ibblei 



Enough powder for 11 tablets is weighed out: 
Proton pump inhibitor: 

Omeprazole powder USP 
Primary Essential Buffer(s): 



Thoroughly blend the powder, reconstitute all of the 
powder with 5 ml to 20 ml distilled water and administer the 
40 suspension enterally to the patient. 



440 



mg 



Sodium bicarbonate USP 
Magnesium oxide 
Prege latinized starch 



6500 mg 
1650 mg 
500 mg 



45 



Fonnulation 20: Unflavored Omeprazole Powder (single dose) 

20 mg or 40 mg 
1500 mg 



The resultant powder is thoroughly mixed. Then 826 mg 
of the homogeneous mixture is poiu'ed into a tablet reservoir 
(Vi inch diameter) and pressed through a fuU motion of the 
press as is known in the art. The resultant tablet contains: 



Omeprazole powder USP 
Sodium bicarbonate USP 
Parietal cell activator: 

Caldtun chloride 
Other ingredients: 

Dextrose 

Xanthan gum (Rhodigel ulta fine) 
Thaumatin (Flavor enhancer) 



200 mg 



60 mg 
15 mg 
5 to 10 ppm 



Omeprazole USP 
Sodium bicarbonate USP 
Magnesium oxide 
Prege latinized starch 



40 mg 
590 mg 
150 mg 
45.45 mg 



60 



The lablet contains 7 mEq sodium bicarbonate and 3.75 
mEq magnesium oxide. The amount of Effective Buffer 
Capacity may range from as little as 4 mEq to as much as 30 
mEq. The lablet excipients, tablet binders, and film coaling 
of Formulation 16 may also be added. 

Esomeprazole magnesium or other proton pump inhibit- 
ing agents which are of low solubility (such as the base 65 
forms) may be used in place of omeprazole or lansoprazole 
in the above formulations. The tablet excipients, tablet 



Thoroughly blend the powder. Reconstitute all of the 
powder with 5 mL to 20 mL distilled water and administer 
the suspension enterally to the patient. 



Formulation 21 : Flavored Omeprazole Powder (single dose) 



Omeprazole powder USP 

£>ibasic sodium Phosphate duohydrate 

Sodium bicarbonate USP 

Sucrose 

Maltodextrin 

Cocoa processed with aUcali' 



20 mg 
2000 mg 

840 mg to 1680 mg 
2.6 g 
200 mg 
180 mg 



• 
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-continued 



FonnulatioD 21 : FTavored Onwprazolc Powder (single dose) 



Corn aynip solids 
Xanthan gum 
Aspartame 
Thaumatin 
Soy lecithin 



600 mg 
15 mg 
15 mg 
2 mg 
10 mg 



Formulation 25: Unflavored Rabcprazole Powder (single dose) 
Proton pump inhibitor: 

20 mg 



"Parietal cell activator 

Thoroughly blend ihe powder. Reconstitute all of the 
powder with 10 mL lo 20 mL distilled water at the time of 
use. 



Rabcprazolc sodium powder USP 
Primary Essential Buffer(s): 

Sodium bicaitionate USP 
10 Secondar\' Essential BuflFer{s): 

Trisodium phosphate USP 
Optional Secondary Essential Buffer(6): 



1200 mg 
300 mg 



Formulation 22: Unfavored Lansoprazole Powder (single dose) 



Lansoprazole powder USP 
Sodium bicarbonate USP 



15 mg or SO mg 
400 mg to 1500 mg 



20 



Optionally: Tribasic sodium phosphate to adjust pH for longer stability 
and enhanced buffering capacity (alternatively other Essential Buffers may 
be employed) 

Thoroughly blend the powder. Reconstitute all of the 
powder with 5 mL to 20 mL distilled water at the time of use. 
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Formulation 23: Flavored Lansoprazole Powder (single dose) 
Proton pump inhibitor: 

Lansoprazole powder USP 30 mg 
Primary Essential Buffer(5): 

Dibasic Sodium Phosphate USP or 1500 mg 
Sodium bicarbonate USP 

Sucrose 26 g 

Maltodextrin 2 g 

Cocoa processed with alkali* 18 mg 

Com syrup solids 600 mg 

Soy lecithin 80 mg 

•Parietal cell activator 

Thoroughly blend the powder. Reconstilute all of the 
powder with 5 mL to 20 mL distilled water at the time of use. 



Sodium hydroxide or Tribasic potassium may be added in higher or lower 
}5 amounts to adjust pH for desired stability and additive antacid or 
buffering capacity. 



Thoroughly blend the powder and reconstitute with 15 mL 
distilled water at the time of use. 

Alternatively, a two part product may be employed com- 
prising one pan of about 5 to about 15 mL distilled water 
with a low concentration of Secondary Essential Buffer (e.g. 
trisodium phosphate (100 mg) or sodium hydroxide (50 
mg)) used to dissolve an enteric-coated Ublet of rabeprazole 
thereby producing a stable solution/suspension. This highly 
alkaline suspension containing low neutralization capacity 
and rabeprazole sodium may then be added with a second 
part containing the Primary Essential Buffer(s) having sig- 
nificant neutralization capacity, if desired other Secondary 
Essential Buffer(s) may be included with the Primary Essen- 
tial Buffers. This formulation is designed to enable the use 
of the commercially available enteric-coated tablet of 
rabeprazole as the source of the proton pump inhibitor. This 
tablet requires disintegration prior to use as a liquid formu- 
lation. Part 1 (the low concentration of Secondary Essential 
Buffer) produces rapid dissolution of the delayed-release 
tablet as well as prolonged stability of rabeprazole sodium in 
40 the liquid form. This enables the preparation to be prepared 
prior to administration and simply added to the Primary 
Essential Buffer(s) (part 2) prior to use. 
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Fortnulatioo 24: Unflavored Rabeprazole Powder (single dose) 
Proton pump inhibitor: 

Rabeprazole sodium powder USP 20 mg 

Primary Essential Btiffer(s): 

Disoditmi phosphate duohydrate USP 2000 mg 

Optional Secondary Essential Buffer(s) 

Tribasic sodium phosphate 100 mg 



Thoroughly blend the powder and reconstitute with dis- 
tilled water prior lo administration. Optionally, thickeners 
and flavoring agents may be added as slated throughout this 
application. The anticipated volume for this powder would 
be 20 mL per dose. This formulation is designed to enhance 
stability of rabeprazole through the use of the common ion 
effect whereby sodium causes a "salting out" of rabeprazole 
sodium. This causes the rabeprazole sodium to remain 
insoluble thereby increasing its stability. 



45 
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Formulation 26: Unfavored Rabeprazole Powder (single dose) 



Proton puny inhibitor: 

Rabeprazole sodium powder USP 
Primary Essential Buffcr(s): 

Caldiun lactate USP 
Calcium glycerophosphate 
Secondary Essential Buffer(s): 

Calcium hydroxide USP 



20 mg 



700 mg 
700 mg 



15 mg 



60 



(Other Secondary Essential Buffers with cations of sodium or potassium 
may be added in higher orlower amoimts to adjust pH for desirable 
stability.) 

Thoroughly blend the powder Reconstitute the powder 
with a liquid part comprising 10 mL glycerol and 10 mL 
distilled water at the lime of use. Alternatively, the liquid for 
reconstituiion may be only water (e.g. distilled) and contain 
some of the buffer. The liquid for reoonstitution may be 
65 supplied as a buffered product (to pH ^11) for dissolving 
rabeprazole sodium delayed-release tablets (if used as a 
source of rabeprazole sodium). 
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FormuiatioD 27: Unflavored Esomeprazole Powder (single dose) 



Proton pump inhibitor: 

Esomeprazole magnesium powder USP 
Primary Eascntial Buffer(s): 

Calcium lactate USP 
Calcium glycerophosphate 
Secondary Essential Buffcr(s): 

Calcium hydroxide USP 



20 mg 



800 mg 
800 mg 



15 mg 



10 



(Other Secondary Essential Buffers with cations of caldimi or magnesium 
may be added in higher or lower amounts to adjust pH for desirable ^5 
stability.) 

Thoroughly bleDd the powder. Reconstitute the powder 
with a liquid part comprising of 10 mL distilled water at the 
time of use. The liquid for reconstitution may be supplied as 
a buffered product (to pH 8-11) for dissolving esomeprazole 20 
magnesium delayed release granules (if used as a source of 
esomeprazole magnesium). 
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magnesium oxide for 6 tablets is weighed out with approxi- 
mately 280 mg per tablet for a toul of 1680 mg magnesium 
oxide USP. Then weigh out approximately 280 mg of the 
resultant blend and add to a die of diameter. Press 
through a full motion to compact the powder into a tablet. 
Place the ublet back into the Vi inch die and then place the 
smaller Vs" tablet (inner tablet) on top of the W tablet and 
center it. Add approximately 380 mg magnesitmi oxide to 
the die on top of the tablet and the Vs* tablet. Press 
through a fiill motion to compact the materials into one 
tablet. The approximate weight of each tablet is 815 mg to 
890 mg containing 20 mg omeprazole. Binders such as 
tapioca or PVP and disinti grants such as pregelatinized 
starch, croscarmelose sodium or microcrystalline cellulose 
(MCC) and colloidal silicone dioxide (CSD) may be added. 
The outer layer may also comprise pharmaceutically accept- 
able tablet exipients. Optional coatings can also be 
employed, for example, light film coatings and coatings to 
repel ultraviolet light as is known in the art. 

The outer phase can alternatively comprise a combination 
of sodium bicarbonate and magnesium oxide. 



Formulation 28: Omeprazole 7\vo Part Tablet 
IVo part tablets contain an outer buffer phase and inner buffer/Proton 
pump inhibitor core. Enough for 6 tablets is weighed out 

Inner Core: 

Proton pump inhibitor: 

Omeprazole powder USP 120 mg 

(or esomeprazole magoesiuan or omepiazole sodium). 
Primary Essential Buffcr(s): 

Sodiimi bicarbonate USP 1200 mg 

Outer Phase: 

Sodium bicarbonate USP 3960 mg 

(Secondary Essential Buffers such as thsodium phosphate, tripotassium 
phosphate or sodium carbonate or others may be added to enhance neu- 
tralization capacity.) 

Thoroughly blend the powders for the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of ye" diameter. The powder mixture is then 
formulated into small tablets by conventional pharmaceuti- 
cal procedures. Repeat for five additional tablets, then set 
these small inner tablets aside. 

The outside layer surrounding the proton pump inhibitor 
tablet serves as a pH-buffering zone. Enough sodium bicar- 
bonate for 6 tablets is weighed out with approximately 280 
mg per IS tablet for a total of 1680 mg sodium bicarbonate 
USP. Then weigh out approximately 280 mg of the resultant 
blend and add to a die of W diameter. Press through a full 
motion to compact the powder into a tablet. Place the tablet 
back into the ^/i inch die and then place the smaller ^s" tablet 
(inner tablet) on top of the V^" tablet and center it. Add 
approximately 380 mg sodium bicarbonate to the die on top 
of the Vi" tablet and the tablet. Press through a full 
motion to compact the materials into one tablet. The 
approximate weight of each tablet is 815 mg to 890 mg 
containing 20 mg omeprazole. Binders such as tapioca or 
PVP and disintigrants such as pregelatinized starch may be 
added. Hie outer lay may also comprise pharmaceutically 
acceptable tablet exipients. Optional coatings can also be 
employed, for example, light film coatings and coatings to 
repel ultraviolet light as is known in the art. 

Magnesium oxide or magnesium hydroxide may be sub- 
stituted for the sodium bicarbonate outer phase. Enough 
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Formulation 29: Lansoprazole IWo Part Thblet 
Enough for 6 tablets is weighed otit 

Inner Core: 

Proton punp inhibitor: 

30 

Lansoprazole powder USP 180 mg 

Primary Essential Buffer: 

Sodium bicarbonate USP 1200 mg 

Outer Phase: 

Sodium bicarbonate USP 3960 mg 



Thoroughly blend the powders of the inner core, then 
weigh out approximately 230 mg of the resultant blend and 
40 add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 825 mg to 900 mg. Binders 
such as tapioca or PVP and disintigrants such as pregelati- 
nized starch may be added. 



Formulation 30: Pantoprazole T^ro Part Tablet 
Enough for 6 tablets is weighed ouL 

Inner Core: 

Proton pump inhibitor: 

Pantoprazole powder USP 240 mg 

(or pantoprazole sodium) 
Primary Essential Buffer: 

Sodium bicarbonate USP 1200 mg 

Outer Phase: 

Sodium bicarbonate USP 3960 mg 



Thoroughly blend the powders for the inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
65 mate weight of each tablet is 835 mg to 910 mg. Binders 
such as tapioca or PVP and disintigrants such as pregelati- 
nized starch or croscarmelose sodiiuo may be added. 
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Formulation 31: OiDq)nzole or csoinq>ra2ole two part tablcL 
Enough for 6 tablets is weighed ouL 

Inner Core: 

Proton pump inhibitor: 

Omeprazole powder USP (or esomcprazole or 120 mg 

omeprazole sodium). 
Primary Essential BuflFer: 

Sodium bicarbonate 12OO mg 

Outer Phase: 

Sodium bicarbonate 3950 mg 



Thoroughly bleod the powders of ihe inner core, then 
weigh out approximately 220 mg of the resultant blend and 
add to a die of ya" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 815 mg to 890 mg. Binders 
such as tapioca or PVP and disintigranls have been men- 
tioned and may be added. Secondary Essential Buffers such 
as trisodium phosphate, tripotassium phosphate or sodium 
carbonate or others may be added to enhance neutralization 
capacity. 
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then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 835 mg to 910 mg. Binders 
such as tapioca or PVP and disintegrants may also be added. 
Secondary Essential Buffers, such as trisodiimi phosphate, 
tripoussium phosphate, sodium carbonate or others, may be 
added to enhance neutralization capacity. 



10 



15 



Formulation 34: Omeprazole 20 mg 'I>vo-Part Thblet 

Inner Core: 

Proton pump inhibitor: 



Omeprazole enteric coated granules (base, or 
sodium salt or esomeprazole sodiimi or magnesium) 
Outer Phase: 

Sodium bicarbonate powder USP 



20 mg 



1000 mg 



The inner core is created as is known in the art such that 
the enteric coatings on the granules remain substantially 
intact. The outer phase is bound to the inner core as 
described in Formulation 28. Other variations of this tablet 
include a uniform enteric coating surrotmding the proton 
pump inhibitor of the inner core instead of separate enteric 
coated granules. 



Formulation 32: Lansoprazole T>9iro part tablet 
Enough for 6 tablets is weighed out. 



Inner Con: 

Proton pump inhibitor: 

Lansoprazole powder USP 
Primary Essential Buflfer: 

Sodiimi bicarbonate 
Outer Phase: 

Sodium bicarbonate 



180 mg 



1200 mg 



3960 mg 



Thoroughly blend the powder of the inner core, then 
weigh out approximately 230 mg of the resultant blend and 
add to a die of Vs" diameter. The inner and outer tablets are 
then formed as described in Formulation 28. The approxi- 
mate weight of each tablet is 825 mg to 900 mg. Binders 
such as tapioca or PVP and disintigrants have been men- 
tioned and may be added. Secondary Essential Buffers such 
as trisodium phosphate, tripotassium phosphate or sodium 
carbonate or others may be added to enhance neutralization 
capacity. 
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Formulation 35: Lansoprazole 30 mg TWo-Part Tablet 

Inner Core: 

Proton pamp inhibitor: 

Lansoprazole enteric coated granules 30 mg 

Outer Phase: 

Sodium bicarbonate powder USP 1000 mg 



This two-part tablet is formulated as per Formulation 34, 



Formulation 36: Rabcprazolc 20 mg IVro-Part Tablet 

Inner Core: 

Proton pump inhibitor: 



Rabcprazolc enteric coated granules 
Outer Phase: 

Soditun bicarbonate powder USP 



20 mg 
1000 mg 



50 This iwo-part tablet is formulated as per Formulation 34. 



Fomnulation 33: Paotoprazolc TWo part tablet 
Enough for 6 tablets is weighed out. 



Inner Core: 

Proton pump inhibitor: 

Pantoprazole sodium powder USP 
Primary Essential Buffer: 

Sodium bicarbonate 
Outer Phase: 

Sodium bicarbonate 



240 mg 
1200 mg 
3960 mg 



55 
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Formulation 37: Omeprazole TWo Part l^blet 
Enough for 6 tablets is weighed out 



Inner Core: 
Omeprazole 

Sodium bicarbonate power USP 
Outer Phase: 

Magnesium oxide 

Optional • calcium carbonate 



120 mg 
1200 mg 



1500 mg 
3000 mg 



The omeprazole and sodium bicarbonate of the inner core 
Thoroughly blend the powders of the inner core, then 65 are homogeneously mixed and formed as in Formulation 28. 
weigh out approximately 220 mg of the resultant blend and The outer phase is combined with the inner core as in 
add to a die of Vs" diameter. The inner and outer tablets are Formulation 28. 



• 
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Fonnulation 38: CombiMtion Antacid 
and Enteric Coated Dosage Fonn 



Omeprazole enteric coated 
granules or enteric coated 
tablet 

Caldum carbonate 



20 Big (or an equivalent dose of another 
proton pump inhibitor) 

1000 mg 



The above componeDts are consbioed with care exerted to 
ensure that the enteric coating is not crushed or otherwise 
compromised. The resulting combination is then formed into 
compressed tablets or placed in capsules as is known in the 
pharmaceutical art. If enteric coated granules are employed, 
they are generally, but not required, di^ersed throughout the 
tablet or capsule. If an enteric coated tablet is alternatively 
utilized, it forms a central core, which is uniformly sur- 
rounded by the caldum carbonate in either a compressed 
tablet or in a larger capsule. In another embodiment, a 
capsule containing enteric coated granules of proton pump 
inhibitor can be placed within a larger capsule containing the 
calcium carbonate. 

It should be noted that other buffering agents can be 
utilized in lieu of or in combination with calcium carbonate. 
The buffer(s) employed is present in an amount of at least 
about 5 m£q per dose of the composition with the preferred 
range been 7.5 to 15 mEq. For example, sodium bicarbonate 
may be preferred over calcium carbonate and other antacids 
(such as magnesium or aluminum salts) because in many 
cases, sodium bicarbonate more quickly lowers gastric pH. 



10 
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Fonnulation 39: Combination Rapid Release and Delayed 
Released Proton Pump Inhibitor and Antacid 



Inner core: 

Omeprazole enteric coated 
granules or enteric coated 
tablet 

Outer phase: 
Omeprazole powder 
Calcium Carbonate powder 



10 or 20 mg (ox an equivalent 
dose of aootber proton pump 
inhibitor) 



10 or 20 mg (or equivalent dose 
of another proton pump inhibitor) 
1000 mg 



Hie constituents of the outer phase are uniformly mixed. 
The inner core is created as is known in the art such that the 
enteric coatings on the granules or tablet remain substan- 
tiaUy intact. The outer phase is bound to the inner core as 
described herein and as known in the art. 
Formulation 40: Soft Chewable Proton Pump Inhibitor — 
Buffer Dosage Form 

Omeprazole 10 or 20 mg (or an equivalent dose of another 



limitation. AH patents and other references cited herein are 
incorporated herein by reference in their entirely. Obviously, 
many modifications, equivalents, and variations of the 
present invention are possible in light of the above teach- 
ings. Therefore, it is to be understood that within the scope 
of the appended claims, the invention may be practiced other 
than as specifically described. 
I claim: 

1. A method of treating a gastric acid related disorder in 
a subject in need thereof, comprising: 

providing a solid pharmaceutical composition for oral 
administration to the subject, the composition consist- 
ing essentiaUy of: (a) a therapeutically effective amount 
of at least one acid labile, substituted benzimidazole 
H*, K^-ATPase proton pump inhibitor; (b) at least one 
buffering agent in an amount of about 0.1 m£q to about 
2.5 mEq per mg proton pump inhibitor; and (c) one or 
more optional pharmaceutically acceptable excipients; 
and 

orally administering the pharmaceutical composition to 
the subject, 

wherein upon oral administration of the pharmaceutical 
composition to the subject, an initial serum concentra- 
tion of the proton pump inhibitor greater than about 0.1 
/fg/ml is obtained at any time within about 30 minutes 
after administration of the composition. 

2. Tlie method of claim 1, wherein the composition is 
administered in an amount to achieve an initial serum 
concentration of the proton pump inhibitor greater than 
about 0.15 //g/ml at any time within about 30 minutes after 

30 administration of the composition. 

3. The method of claim 1, wherein the pharmaceutical 
composition is in a form selected from the group consisting 
of a tablet, capsule, powder, suspension tablet, effervescent 
tablet or capsule, chewable tablet, granules, pellets, and a 
liquid created by mixing any of the foregoing with an 
aqueous medium. 

4. The method of claim 1, wherein the amount of the 
proton p\mp inhibitor absorbed into the serum is therapeu- 
tically effective in treating the gasUic acid related disorder 
selected from the group consisting of duodenal ulcer 
disease, gastric ulcer disease, gastroesophageal reflux 
disease, erosive esophagitis, poorly responsive symptomatic 
gastroesophageal reflux disease, pathological gastrointesti- 
nal hypersecretory disease, Zollinger Ellison Syndrome, 

45 heartburn, esophageal disorder, and acid dyspepsia. 

5. The method of claim 1, wherein the proton pump 
inhibitor is selected from the group consisting of 
omeprazole, lansoprazole, rabeprazole, esomeprazole, 
pantoprazole, pariprazole, and leminoprazole, or an 
enantiomer, isomer, tautomer, ester, amide, derivative, 
prodrug, free base, or salt thereof. 

6. The method of claim 1, wherein the amount of the 
proton pump inhibitor is about 2 mg to about 300 mg. 

7. Tht method of claim 1, wherein the amount of the 
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proton pump inhibitor) is combined with the ingredients of 

a soft chewable antacid tablet (e.g., Viactiv®), which com- 55 proton pump inhibitor is about 10 mg to about 120 mg. 



prises calcium carbonate 500 or 1000 mg, com syrup, sugar, 
chocolate non fat milk, cocoa butter, salt, soy lecithin, 
glyceryl monostearate, flavoring (e.g., caramel), 
carrageenan, and sodium phosphate. Vitamins D3 and/or Kl 
can also be added. The finished chew tablets are adminis- 
tered to patients once to thrice daily for gastric acid related 
disorders. 

For all formulations herein, miiltiple doses may be pro- 
portionaUy compounded as is known in the art. 



8. The method of claim 1, wherein the amount of the 
proton pump inhibitor is about 2 mg, about 5 mg, about 10 
mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, 
about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 
60 55 mg, about 60 mg. about 65 mg, about 70 mg, about 75 
mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, 
about 100 mg, about 105 mg, about 110 mg, a 115 mg, or 
about 120 mg. 



9. The method of claim 1, wherein the amount of the 
The invention has been described in an illustrative 65 buffering agent is about 10 mEq to about 70 mEq. 
manner, and it is to be understood the terminology used is 10. The method of claim 1, wherein the amount of the 
intended to be in the nature of description rather than of buffering agent is at least 10 mEq. 



• 
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U. The method of claim 1, wherein the amount of the 25. The method of claim 1, wherein the composition is 
buffering agent is about 15 mEq to about 55 mEq. administered once or twice a day. 

12. The method of claim 1, wherein the buffering agent 26. A method of treating a gastric add related disorder in 
comprises a combination of calcium carbonate and sodium a subject in need thereof, comprising: 

bicarbonate. 5 orally administering to tbe subject a single dose of a 

13. Tbe method of claim 1, wherein the buffering agent solution or suspension of a pharmaceutical 
comprises a bicarbonate salt of a Group lA metal. composition, the composition consisting essentially of: 

14. The method of claim 1, wherein the buffering agent is (a) a therapeutically effective amount of at least one 
selected from the group consisting of a bicarbonate salt of a acid labile, substituted bcnzimidazole H*, K^-AFPasc 
Group lA metal, an alkali earth metal buffering agent, a lo proton pump inhibitor; (b) at least one buffering agent 
calcium buffering agent, a magnesium buffering agent, an in an amomit of about 0.1 m£q to about 2.5 mEqper mg 
aluminum buffering agent, sodium bicarbonate, potassium proton pump inhibitor; and (c) one or more optional 
bicarbonate, magnesium hydroxide, magnesium lactate, pharmaceuticaDy acceptable excipients wherein an ini- 
magnesium gluconate, magnesium oxide, magnesium tial scrum concentration of the proton pump inhibitor 
aluminate, magnesiiun carbonate, magnesium silicate, mag- is greater than about 0.1 /<g/ml is obtained at any time 
nesium citrate, aluminum hydroxide, aluminum phosphate, within about 30 minutes after administration of the 
aluminum hydroxide/magnesium carbonate, potassium composition, and wherein the administering step does 
carbonate, potassium citrate, aluminum hydroxide/sodium not require further administration of the buffering agent 
bicarbonate coprecipitate, aluminum glycinate, aluminum (s) beyond that administered in the single dose, 
magnesium hydroxide, sodium citrate, sodium tartrate, 20 27. The method of claim 26, wherein the composition is 
sodium acetate, sodium carbonate, sodium polyphosphate, administered in an amount to achieve an initial serum 
potassium polyphosphate, sodium pyrophosphate, sodium concenu-ation of the proton pump inhibitor greater than 
dihydrogen phosphate, poUssium pyrophosphate, disodium about 0.15 /ig/ml at any time within about 30 minutes after 
hydrogenpho^bate, dipotassium hydrogenphospbate, triso- administration of tbe composition. 

dium phosphate, tripotassium phosphate, potassium 25 28. The method of claim 26, wherein the siibject is fasting, 
metapbosphate, calcium acetate, calcium glycerophosphate, 29. The method of claim 26, wherein tbe proton pump 
calcium chloride, calcium hydroxide, calcium lactate, cal- inhibitor is selected from the group consisting of 
cium carbonate, calcium gluconate, calcium bicarbonate, omeprazole, lansoprazole, rabeprazole, esomeprazole, 
calcium citrate, calcium phosphate magnesium phosphate, pantoprazole, pariprazole, and leminoprazole, or an 
potassium phosphate, sodium phosphate, 30 enantiomer,. isomer, tautomer, ester, amide, derivative, 
irihydroxymethylaminomethane, an amino acid, an acid salt prodrug, free base, or salt thereof, 
of an amino acid, an alkali salt of an amino acid, and 30. The method of claim 26, wherein the amount of the 
combinations of any of the foregoing. proton pump inhibitor is about 2 mg to about 300 mg. 

15. The method of claim 1, wherein the buffering agent 31. The method of claim 26, wherein the amount of the 
comprises sodium bicarbonate. 35 proton pump inhibitor is about 10 mg to about 120 mg. 

16. The method of claim 15, wherein the sodium bicar- 32. The method of claim 26, wherein the amount of the 
bonate is in an amount from about 250 mg to about 4000 mg. proton pump inhibitor is about 2 mg, about 5 mg, about 10 

17. The method of claim 15, wherein the sodium bicar- mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, 
bonate is in an amount from about 1000 mg to about 2000 about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 
mg. 40 55 mg, about 60 rug, about 65 mg, about 70 mg, about 75 

18. The method of claim 15, wherein the sodium bicar- mg, about 80 mg, about 85 mg, about 90 mg, about 95 rug, 
bonate is in an amount of at least about 400 mg. about 100 mg, about 105 mg, about 110 mg, about 15 mg, 

19. The method of claim 1, wherein the buffering agent or about 120 mg. 

comprises calcium carbonate. 33. The method of claim 26, wherein the amount of the 

20. The method of claim 19, wherein the calcium carbon- 45 buffering agent is about 10 mEq lo about 70 mEq. 

ate is in an amount from about 250 mg lo about 4000 mg. 34. The method of claim 26, wherein the amount of the 

21. The method of claim 19, wherein the calcium carbon- buffering agent is at least 10 mEq. 

ate is in an amount from about 1000 mg to about 2000 mg. 35. The method of claim 26, wherein the amount of tbe 

22. The method of claim 19, wherein the calcium carbon- buffering agent is about 15 mEq to about 55 m£q. 

ate is in an amount of at least about 400 mg. 50 36. The method of claim 26, wherein the buffering agent 

23. The method of claim 1, wherein the excipient is comprises a combination of calcium carbonate arxl sodium 
selected from the group consisting of a pharmaceutically bicarbonate. 

compatible carrier, a binder, a suspending agent, a flavoring 37. The method of claim 26, wherein the buffering agent 
agent, a sweetening agent, a disintegrani, a flow aid, a comprises a bicarbonate salt of a Group lA metal, 
lubricant, an adjuvant, a colorant, a diluent, a moistening 55 38. The method of claim 26, wherein the buffering agent 
agent, a preservative, a parietal cell activator, an anti- is selected from the group consisting of a bicarbonate salt of 
foaming agent, an antioxidant, a chelating agent, an anti- a Group lA metal, an alkah earth metal buffering agent, a 
fungal agent, an antibacterial agent, e* an isotonic agent, and calcium buffering agent, a magnesium buffering agent, an 
combinations of any of the foregoing. aluminum buffering agent, sodium bicarbonate, potassium 

24. Tbe meihod of claim 1, wherein the excipient is one 60 bicarbonate, magnesium hydroxide, magnesium lactate, 
or more flavoring agents selected from the group consisting magnesium gluconate, magnesium oxide, magnesium 
of aspartame, thaumatin, sucrose, dexU'ose, or a chocolate, a aluminate, magnesium carbonate, magnesium silicate, mag- 
cocoa, a cola, a peppermint, a spearmint, a watermelon, an nesium citrate, aluminum hydroxide, aluminum phosphate, 
apple, a caramel, a meat, a root beer, a maple, a cherry, a aluminum hydroxide/magnesium carbonate, potassium 
coffee, a mint, a licorice, a nut, a butter, a butterscotch, a 65 carbonate, potassium ciu-ate, aluminum hydroxide/sodium 
butter pecan, or a peanut butter flavoring, and combinations bicarbonate coprecipitate, aluminum glycinate, aluminum 
of any of tbe foregoing. magnesium hydroxide, sodium citrate, sodium tartrate, 
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sodium acetate, sodium carbonate, sodium (polyphosphate, 47. The method of claim 26, wbereio the excipieot is 

sodium dihydiogen phosphate, potassium polyphosphate, selected from the group consisting of a pharmaceutically 

sodium pyrophosphate, potassium pyropho^hate, disodium compatible carrier, a binder, a suspending agent, a flavoring 

hydrogeophosphate, dipotassium hydrogenphospbate, triso- agent, a sweetening agent, a disintegrant, a flow aid, a 

dium phosphate, tripotassium phosphate, potassium s lubricant, an adjuvant, a colorant, a diluent, a moistening 

metapbosphate, calcium acetate, calcium glycerophosphate, agent, a preservative, a parietal cell activator, an anti- 

caldum chloride, calcium hydroxide, calciiun lactate, cal- foaming agent, an antioxidant, a chelating agent, an anti- 

cium carbonate, calcium gluconate, calcium bicarbonate, fungal agent, an antibacterial agent, or an isotonic agent, and 

calcium citrate, calcium phosphate magnesium phosphate, combinations of any of the foregoing, 

potassium phosphate, sodium phosphate, lo 48. The method of claim 26, wherein the subject is an 

trihydroxymethylaminomethane, ail amino acid, an acid salt adult human. 

of an amino acid, an alkali salt of an amino acid, and 49. The method of claim 26, wherein the disorder is 

combinations of any of the foregoing. selected from the group consisting of duodenal ulcer 

39. The method of claim 26, wherein the buffering agent disease, gastric ulcer disease, gastroesophageal reflux 
comprises sodium bicarbonate. 15 disease, erosive esopbagitis, poorly responsive symptomatic 

40. The method of claim 39, wherein the sodium bicar- gastroesophageal reflux disease, pathological gastrointesti- 
bonate is in an amount from about 250 mg to about 4000 mg. nal hypersecretory disease, Zollinger Ellison Syndrome, 

41. The method of claim 39, wherein the sodium bicar- heartburn, esophageal disorder, and acid dyspepsia, 
bonate is in an amount from about 1000 mg to about 2000 50. The method of claim 26, wherein the excipicnt is one 
mg. 20 or more flavoring agents selected from the group consisting 

42. The method of claim 39, wherein the sodium bicar- of aspartame, thaumatin, suCTOse, dextrose, or a chocolate, a 
bonate is in an amount of at least about 400 mg. cocoa, a cola, a peppermint, a spearmint, a watermelon, an 

43. The method of claim 39, wherein the buffering agent apple, a caramel, a meat, a root beer, a maple, a cherry, a 
comprises calcium carbonate. coffee, a mint, a licorice, a nut, a butter, a butterscotch, a 

44. The method of claim 43, wherein the calcium carbon- 25 butter pecan, or a peanut butter flavoring, and combinations 
ate is in an amount from about 250 mg to about 4000 mg. of any of the foregoing. 

45. The method of claim 43, wherein the calcium carbon- 51. The method of claim 26, wherein the composition is 
ate is in an amount from about 1000 mg to about 2000 mg. administered once or twice a day. 

46. The method of claim 43, wherein the calcium carbon- 
ate is in an amouint of at least about 400 mg. ***** 
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clinical investigations in critical care 

Sodium Bicarbonate for the Treatment 
of Lactic Acidosis* 

Sean M. Forsythe, MD; and Gregory A, Schmidt, MD, FCC? 



Lactic acidosis often challenges the intensivist and is associated with a strikingly high mortality. 
Treatment involves discerning and correcting its underlying cause, ensuring adequate oxygen 
delivery to tissues, reducing oxygen demand through sedation and mechanical ventilation, and 
(most controversially) attempting to alkalinize the blood with IV sodium bicarbonate. Here we 
review the literature to answer the following questions: Is a low pH bad? Can sodium bicarbonate 
raise the pH in vivo? Does increasing the blood pH with sodium bicarbonate have any salutary 
effects? Does sodium bicarbonate have negative side effects? We find that the oft-cited rationale 
for bicarbonate use, that it might ameliorate the hemodynamic depression of metabolic acidemia, 
has been disproved convincingly. Further, given the lack of evidence supporting its use, we 
cannot condone bicarbonate administrah'on for patients with lactic acidosis, regardless of the 
degree of acidemia. (CHEST 2000; 117:260-267) 

Key words: acid-base; acidosis; alkalinizing therapy; bicarbonate; lactic acidosis; sodium bicarbonate 
Abbreviations: DCA = dichloroacetate; DKA = diabetic ketoacidosis; SID = strong ion difference 



T actic acidosis, defined as a lactate concentration 
> 5 mmol/L and a pH < 7.35, commonly com- 
plicates critical illness. Its causes are legion, includ- 
ing sepsis, cardiogenic shock, severe hypoxemia, 
hepatic failure, and intoxication. Many of these share 
reduced delivery of oxygen to cells or impaired use of 
ox)'gen in mitochondria, yet some are based in more 
complex derangements. For example, the lactic aci- 
dosis of sepsis is poorly understood but probably 
cannot be explained simply by tissue hypoxia, at least 
at the level of the whole body. Treatment of lactic 
acidosis involves discerning and correcting its under- 
lying cause, ensuring adequate oxygen delivery to 
tissues, reducing oxygen demand through sedation 
and mechanical ventilation,, and (in some ICUs) 
attempting to alkalinize the blood with IV sodium 
bicarbonate. Even in the face of maximal supportive 
therapy, lactic acidosis is associated ^\ith a mortality 
of 60 to 90%. 
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Although the use of sodium bicarbonate for the 
treatment of metaboUc acidosis has been debated 
most heavily in the past 15 years, its use was 
questioned as far back as 1934.5 Nevertheless, it is 
stiU considered standard therapy and recommended 
in many textbooks and review articles,^-® despite the 
lack of relevant clinical data supporting its effective- 
ness. Here we review tlie animal and human studies 
that bear on this complex, yet common, cUnical 
conundrum. 

We will not address the use of sodium bicarbonate 
in tlie bicarbonate-losing metabolic acidoses, such as 
those caused by diarrhea or renal tubular acidosis, in 
which replacement of lost bicarbonate is widely 
accepted. Although we touch on the use of bicarbon- 
ate in diabetic ketoacidosis (DKA) and some other 
forms of metabolic acidosis, our discussion and 
conclusions largely relate to die single most common 
cause of severe lactic acidosis in the modem ICU, 
that caused by severe sepsis.^ We find htde evidence 
that sodium bicarbonate is detrimental in these 
conditions, but its use fails the most basic criteria 
expected of any drug- efficacy. 

Those who continue to advocate the use of sodium 
bicarbonate for lactic acidosis generally use the 
following chain of reasoning (explicidy or implicitly): 
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1. A low pH, in ^IP^f itself, is hannful (most 
notably by impairing cardiovascular function). 

2. Sodium bicarbonate can increase die pH when 
infused IV. 

3. Raising the pH with sodium bicarbonate im- 
proves cardiovascular function or some other 
relevant outcome. 

4. Any adverse effects of sodium bicarbonate are 
ouhveighed by its benefits. 

We address below each of diese points in turn. 



Is A Low^ pH Bad? 

Proteins, which underlie die function and struc- 
ture of human cells, contain areas of both positive 
and negative charge and are thereby sensitive to the 
pH of the surrounding milieu. One can conceive of 
innumerable ways in which excess acid could impair 
protein function and, by extension, the function of 
the whole body. Yet it is overly simplistic to assume 
diat the clinician's Mdndow on acid-base state, the 
arterial blood pH, reflects accurately die pH at a 
(likely more important) cellular level. For example, a 
50% reduction in blood flow to a tissue causes the 
arterial-venous PcOg difference to double (as long as 
COo production and excretion remain constant) as 
predicted by the Fick principle. This will substan- 
tially raise the tissue PCO2 and lower the local 
intracellular pH. At the same time, neidier the 
arterial pH nor PCO2 changes at all, both failing 
completely to reveal the tissue acidosis. Further 
clouding the value of the arterial blood pH, there 
may be different acid-base states in different cells of 
a single organ, or within different organs of a single 
patient. Mitochondrial pH may be even more crucial 
than cellular (cytoplasmic) pH, as these organelles 
are the site of energ)- production. In experiments 
involving isolated rat hepatocytes, die mitochondrial 
membi-ane pH gradient did not change when extra- 
cellular pH was lowered from 7.40 to 6.9.'^ 

Because adults with acidosis generally also have 
sepsis, h)poxemia, intoxication, or hypoperfusion, 
discerning die physiologic effects of low pH from 
those of endotoxemia, hypoxemia, and so on is a 
challenging task. In isolated animal heart muscle 
preparations in which the pH of the perfusate is 
lowered, acidosis generally reduces contractile func- 
tion, sometimes severely.'^ Human ventricular 
muscle excised during open-heart surgerj' displays 
only modestly reduced contractility in the face of 
severe acidosis. ^2 ji^^ cardiac depressant effect may 
be caused by inorganic phosphate-mediated impair- 
ment of actin-myosin crossbridge cychng, disruption 
of energy production, ''-^^ interference widi calcium 
deliveiy to myofilaments, or decreased sensitivity of 



contractil^^teins to calcium.''* In whole-animal 
preparations, the effects of acidosis are more difficult 
to discern, because of competing effects of acidosis 
on contractility, heart rate, vascular tone, and the 
adrenal and sympathetic systems. Various investiga- 
tors have controlled heart rate, preload, and after- 
load, finding that acidosis caused contractility to 
remain constant,^^ decrease marginally,*^ or tran- 
siently rise and then fall.'" 

The increasing experience with permissive hyper- 
capnia for patients with ARDS or status asdimaticus, 
in which h)'percapnia and acidemia are tolerated to 
avoid alveolar overdistention, has changed many 
clinicians* perspective about the adverse impact of 
acidemia. In sedated and ventilated patients with 
ARDS, rapid intentional h)poventilation (pH falhng 
from 7.40 to 7.26 in 30 to 60 min) lowered systemic 
vascular resistance while cardiac output rose. Mean 
systemic arterial pressure and pulmonary vascular 
resistance were unchanged. *« Further, in many stud- 
ies of patients undergoing permissive hypercapnia, a 
pH of well below 7.2 was tolerated well, -25 ^ is 
in young patients with DKA,26 children with "super- 
carbia,"27 and those with grand mal seizures. ^^-^^ 
The feared consequences of acidemia, projected 
from the experience with patients having lactic aci- 
dosis (and, usually, concomitant sepsis), failed to 
materialize. In nonnal subjects who rebreathed car- 
bon dioxide, QT dispersion was increased, which 
could signal a risk of arrhythmia.^^ With data now 
available for many patients permissively hypoventi- 
lated, the systemic hemodynamic effects are quite 
small even as the pH falls to 7.15, widi the typical 
patient experiencing no change or small increases in 
cardiac output and BP. Rhythm disturbances have 
not been a problem. Patients whose pH levels fall far 
below 7.0 are fewer in number, so firm conclusions 
cannot be drawn, but they similarly tolerate their 
acidemia. The current practice of permissive hyper- 
capnia does not generally include an attempt to 
alkalinize the blood to compensate for respiratory 
acidosis. 

Cardiac contractile response to catecholamines is 
also impaired by acidosis, perhaps mediated by a 
decline in P-receptors on the cell surface. ^^-^i. 32 
Other potentially detrimental cardiovascular effects 
of acidosis include reduced resuscitability from in- 
duced ventricular fibrillation, which has been shown 
in rats but not in dogs or pigs,33-35 impaired load 
tolerance of the right ventricle,^^ and altered renal 
blood flow (both increased and decreased, depend- 
ing on the degree of acidemia).^^ Diaphragmatic 
contractility is reduced also by respiratory acidosis,3« 
but apparently not by metabolic acidosis.^^ 

Paradoxically, acidosis may have protective effects 
in critical illness. A low pH has been shown to delay 
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the onset of cell d^MRi isolated hepatocytes ex- 
posed to anoxia*^ and to chemical hypoxia.^'* Correct- 
ing the pH took away the protective effect and 
accelerated cell death.' In addition, acidosis during 
reperfusion limits myocardial infarct size.^^-^s 

In summary, although a verv^ low pH has negative 
inotropic effects in isolated hearts, the whole-body 
response in patients is much less clearly detrimental. 
Although clinical shock and metabolic acidosis often 
coincide, the striking discordance behveen the clin- 
ical course and outcome of patients with (usually 
septic) lactic acidosis compared widi diose who have 
DKA or ventilatoiy failure suggests that the low pH 
itself does not crucially underpin the hemodynamic 
collapse of these ill patients. Independent of the 
acidemia, the lactate ion may be significant, because 
lactate buffered to a pH of 7.4 can cause decreased 
cardiac contractility in animal models.^^ 



Can Sodium Bicarbonate Raise the pH 
In Vivo? 

It seems straightforward that adding a base to 
acidic blood wall raise the pH-the reality is more 
complex. First, bicarbonate is not one of the inde- 
pendent determinants of the blood pH. Rather, 
these include the difference between the total con- 
centrations of strong cations and anions (the strong 
ion difference, [SID]); the total concentration of 
weak acids; and the PacOo.^^ Administration of 
exogenous sodium bicarbonate increases the SID 
(which tends to raise the pH) because sodium is a 
strong cation and bicarbonate is not a strong ion at 
all, but at the same time it elevates die PacOg (which 
tends to lower pH). In patients with lactic acidosis 
receiving mechanical ventilation, a modest infusion 
of sodium bicarbonate (2 mmol/kg for 15 min IV) 
boosted PacOs from 35 to 40 mm Hg.^ 

Second, bicarbonate administration may engender 
metabolic reactions diat may themselves alter (SID), 
the total concentration of weak acids, or PacOa- For 
example, in animals and humans, bicarbonate infusion 
can augment the production of lactic acid, a strong 
anion.^'^'^f' Mechanisms to explain diis remain specula- 
tive, but include a shift in the oxyhemoglobin-satura- 
tion relationship^^; enhanced anaerobic glycolysis, per- 
haps mediated by the pH-sensitive, rate-limiting 
enz\me phosphofructoldnase; and changes in hepatic 
blood flow or lactate uptake.^^ 

In animal models of lactic acidosis, sodium bicarbon- 
ate does not predictably raise the arterial pH. In some 
studies, pH remained constant or fell.46.47 j^q^^ whole- 
animal studies, however, have shown diat pH can be 
raised and even normalized, ^^^-^s ^^s-'^'^s Most relevant 
to clinical practice, in two studies of patients uddi lactic 



acidosis i^Kng mechaniail ventilation, IV infusion 
of sodium bicarbonate in dosages of 2 mmol/kg for 
15 min or 1 mmol/kg for 1 to 2 min raised the pH 
only 0.14 and 0.05 units, respectively.^-se 

Yet, the body has multiple compartments sepa- 
rated by membranes of differing permeabilities and 
systems of active transport. Even when sodium 
bicarbonate added to die central veins reliably ele- 
vates the arterial pH, its effects on the cerebrospinal 
fluid and intracellular spaces may not be concordant. 
This could happen because carbon dioxide, pro- 
duced when bicarbonate reacts widi metabolic acids, 
diffuses readily across cell membranes and the 
blood-brain barrier, whereas bicarbonate cannot. 
Alternatively, as discussed above, bicarbonate may 
provoke reactions widiin cells, vessels, or organs that 
lower the local SID or raise die local PcOg. 

Sodium bicarbonate lowered cerebrospinal fluid 
pH in dogs with DKA,'^^ dogs being resuscitated 
after a ventricular fibrillation arrest,5« and two pa- 
tients with DKA, in whom it was associated with a 
decrease in mental status.59 Intracellular pH has 
been measured in cells or animals using nuclear 
magnetic resonance spectroscopy. pH-sensitive flu- 
orescent dyes, intramuscular electrodes, and the 
distribution of carbon 14-labeIed dimethadione (Ta- 
ble 1). The results are inconsistent, with intracellular 
pH rising in one study,^-^ not changing in six stud- 
ies, ii.34.49,53.60.6i falling in nine studies, ^^-^^.es-es ^nd 
either rising or falling depending on die buffer used 
in two investigations.69.70 jn various studies, intracel- 
lular pH has been shown to fall with bicarbonate in 
RBCs,46 niuscle,68 hver,^^ lyniphocytes,^^ and 
brain.63 We are aware of only one human study 
involving determination by magnetic resonance 
spectroscopy of intracellular pH in the brain. ^ 
Wlien these normal volunteers were given sodium 
bicarbonate IV, brain pH fell significantly. 

In summary, sodium bicarbonate can raise the 
blood pH when given IV. In contrast, diis therapy 
fails to augment reliably the intracellular pH. In- 
deed, intracellular pH falls in most animal models 
and in most organs studied, but die effect is variable. 



Does Increasing the Blood pH With 
Sodium Bicarbonate Have any Salutary 
Effects? 

The most direct question to pose regarding so- 
dium bicarbonate dierapy is whedier it improves the 
problems that prompt its use. Namely, does it cor- 
rect hemodynamics, "buy time" for other interven- 
tions, or improve outcome? 

In isolated rat or rabbit hearts perfused with acidic 
solutions, bicarbonate fails to augment ventricular 
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T^Wl— ResiiZte of Studies of the Effect of Bicarb^^Fon Intracellular pH* 



Method of Measuring Serum 



Source 


Subject 


Acidosis 


Intracellular pi I 


pii 


Intracellular pi I 


Beech et A^'^ 


Rat 


DKA, shock 


*'*'P NMR 


T 


T (heart) 


Rhee et al.-*^ 


Dog 


Hypoxic lactic 


•'''P NMR 




*^ (heart) 


Beech et al.-^'' 


Rat 


Hypotensive lactic 


C2 NMR 


t 


(nmscle) 


Bollaert et al.*^ 


Rat 


Septic (LPS) 


"^^P NMR 


t 


*-> (muscle) 


Shapiro' * 


Rat heart 


Acidic perfusate 


^^P NMR 


T 


(heart) 


Thompson et al.^' 


Rat 


None 


'**P NMR 




or i depending on route (IV or IP) 


Kette et al.^ 


Pig 


Cardiac arrest 


Electrode 


f 


*-* (heart) 


AriefT et ai.-^ 




Phenformin lactic 


'^C DMO 




i (liver. BBC) 


Graf et al.**' 


Dog 


Hypoxic lactic 


'^C DMO 




I (hver) 


Bersin and ArielF^ 


Dog 


Hypoxic lactic 


^^C DMO 


i 


i (Uver) 


Shapiro et al.'*^ 


Rat 


NH4CI, hypercapnic 


'"^^P NMR 


T 


I (brain) 


Shapiro et al.*** 


nat 


NH4C] 


*P NMR 


T 


I (liver) 


AriefT et al.*^ 


Animal 


Phenformin lactic 


Not stated 


T 


I (Uver and muscle) 


Nakashima et al.® 


Human 


None 


^^P NMR 


I (brain) 


Bjemerotli et al.*''^ 


Lyniphoc)'tes 


Acidic buffer 


Fluorescent dye 


T 


1 


Ritter et al.^ 


Platelets 


Acidic buffer 


Fluorescent dye 




I 


Levraut et al.'*^ 


Rat hepatoc)'tes 


Acidic buffer 


Fluorescent dye 




t or i depending on buffer 


Goldsmith et al.*^ 


Leukocytes 


Acidic buffer 


Fluorescent dye 




t or J, depending on buffer 



*NH4Cl - ammonium chloride; NMR = nuclear magnetic resonance; DMO = dimethyloxazolidine; IP - intraperitoneal; LPS = 
hpopolysaccharide; f ~ increase; I = decrease; = no change. 



contractility. ^1*^^ In whole animals (including various 
models of metabolic acidosis), the effects of bicar- 
bonate on ventricular function are more difficult to 
tease out from its impact on systemic vessels. Fur- 
ther, one must take care not to inteipret these 
studies too simplistically. For example, a fall in BP 
is not necessarily detrimental (if cardiac output 
rises). Nevertheless, these studies uniformly fail to 
reveal any hemod)naamic benefit for sodium bicar- 
bonate when compared with iso-osmolar saUne 
solution. ^6.45-49.53.55.62.64.72-74 When it has been mea- 
sured, cardiac output either does not change^^-^^-''''* 
or falls. '^6.47 Rjgi-ji- ventricular contractility^-'^ ^nd 
hepatic blood flow^*^'^" fall. Perhaps the most careful 
study of left ventricular function involved L-lactic 
acid infusion in anesthetized, ventilated, P-blocked, 
and atrially paced dogs. Before and after bicarbonate 
infusion, the left ventricular pressure-volume rela- 
tionship was determined with a ventricular Millar 
catheter and three orthogonal pairs of ultrasonic 
crystals imbedded in die ventricular walls. al- 
though sodium bicarbonate increased the arterial pH 
and did not increase lactate concentrations, mean 
arterial pressure fell,' and cardiac output and ventric- 
ular contractility (slope of the end-systolic pressure- 
volume relationship) did not change. The hemody- 
namic effects were indistinguishable from those of 
saline solution. 

There have been two studies of the hemodynamic 
impact of sodium bicarbonate in human lactic acido- 
sis 2.56 In both studies, patients were receiving me- 
chanical ventilation, had a mean blood lactate be- 
tween 7 mmol/L and 8 mmol/L, and were receiving 



continuous infusions of vasoactive drugs (except one 
patient in one study). Altliough sodium bicarbonate 
raised pH and serum bicarbonate concentrations, it 
did not improve hemodynamics or catecholamine 
responsiveness. Specifically, bicarbonate was indis- 
tinguishable from saline with regard to heart rate, 
central venous pressure, pulmonary artery pressure, 
mixed venous ox)'hemoglobin saturation, systemic 
oxygen deliver)', oxygen consumption, arterial BP, 
pulmonary artery occlusion (wedge) pressure, and 
cardiac output.^-^^ These findings suggest that die 
commonly obseived hemodynamic response to bi- 
carbonate administration in patients treated with 
vasoactive drug infusions may simply be one of 
preload augmentation (rather than enhanced cate- 
cholamine responsiveness). When the most severely 
acidemic (pH range 6.9 to 7.2) subset of patients was 
analyzed separately, these negative findings persist- 
ed.^ This result does not support the practice of 
some physicians who withhold bicarbonate from 
patients with mild acidemia but feel compelled to 
give it to those with acidemia of greater magnitude. 
Indeed, if there are negative effects of bicarbonate 
infusion, there are reasons to expect that this subset 
of patients will suffer disproportionately (ie, develop 
more profound paradoxical intracellular acidosis). 

Outcome is difficult to measure because animal 
models have a nearly 100% mortality and human 
trials have generally not been designed to detect 
differences in survival or other (nonhemodynamic) 
measures of outcome. In both prospective and ret- 
rospective studies of patients witli DKA treated with 
or without sodium bicarbonate, there were no dif- 
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Terences in the neurSi|rc status, incidence of hypo- 
kalemia or hypoglycemia, or rate of correction of 
acidemia,'^'5 "6 but there was a suggestion of delayed 
clearance of ketones and lactate in patients given 
bicarbonate.'^"'* Dichloroacetate (DCA) infusion, 
which, like sodium bicarbonate infusion, effectively 
raises serum pH in critically ill patients with lactic 
acidosis (but lowers lactate concentrations), also has 
no apparent hemodynamic benefit and does not 
improve sundval.^ 

The only study tliat has shown any positive effect 
on outcome is in the setting of canine ventricular 
fibrillation. '9 Dogs resuscitated from prolonged ar- 
rest who were given bicarbonate had improved 
return of the circulation, less neurologic deficit, and 
greater sundval to 24 h. On the other hand, several 
other studies in both humans and animals do not 
support these data. A study in dogs showed no effect 
of respiratory or metabolic acidosis on defibrillation 
threshold.3^ Sodium bicarbonate had no detectable 
impact on myocardial cell pH or resuscitability from 
ventricular fibrillation in pigs in one study^ and 
worsened coronary perfusion pressure and resuscit- 
ability in yet another.^o Its use was associated with 
poorer outcomes in a retrospective study of human 
cardiopulmonary arrest.^' 

In summan^ no controlled study has shown im- 
proved hemodynamics attributable to sodium bicar- 
bonate infusion, regardless of the effect on pH, and 
many show worsening of some hemodv^namic vari- 
able. It is significant that such negative findings 
include two studies in critically ill humans receiving 
infused catecholamines, the subset of patients who 
might be expected to benefit most dramatically. 



Does Sodium Bicarbonate Have Negative 
Side Effects? 

The most obvious side effects of sodium bicarbon- 
ate are the fluid and sodium load. This can cause 
h)pervolemia, hyperosmolarity, and h\Tpematre- 
mia.*^^ Sodium bicarbonate given as a rapid I\^ bolus 
can cause a transient fall in mean arterial pressure 
and a transient rise in intracranial pressure^"^ that is 
probably related to its h)Tpertonicity, and this is 
alleviated when given as a slow IV infusion. Sodium 
bicarbonate has been shown in three studies to lower 
PaOs from 5 to 15 mm Hg in both acidemic animals 
and nonacidemic patients uith congestive heart fail- 
ure 57,84 The mechanism for diis is unclear, but the 
authors speculated that there might be worsening of 
intrapulmonary shunt. 

When normal human volunteers were made aci- 
demic with acetazolamide and then corrected with 
sodium bicarbonate, the acute correction of the pH 



caused inHlRed hemoglobin affinit)' for oxygen that 
worsened ox\'gen deliven-. This effect lasted about 
8 h.'^^ This was thought to be caused by the imme- 
diate nature of the Bohr effect and the delayed 
nature of the 2,3-diphosphoglycerate effect on he- 
moglobin-oxygen af^nit\^ 

Lactate concentrations increased with sodium bi- 
carbonate infusion (compared with control subjects) 
in animal studies of hypoxic lactic acidosis,'*'' -*"-^^ 
phenformin-induced lactic acidosis,^®-^ hemorrhagic 
shock,48 and DKA.55.57 j]^^ finding has also been 
reported in cases of chronic lactic acidosis associated 
widi mahgnancies.^ It is possible that lactate rises in 
these settings because of impaired oxygen delivery to 
tissues. Even if enhanced lactate production does not 
signal cellular h)poxia, bicarbonate-induced hyper- 
lactatemia may be detrimental inasmuch as lactate 
itself has potentially detrimental actions, as discussed 
earlier. 

Serum ionized calcium concentration is reduced 
by sodium bicarbonate infusion. In a randomized, 
controlled study of ICU patients with lactic acidosis, 
sodium bicarbonate lowered ionized calcium from 
0.95 to 0.87 mmol/L.2 In an animal study of cardiac 
arrest, sodium bicarbonate decreased ionized cal- 
cium, although this had no apparent detrimental 
effects.''^ Because left ventricular contractility has 
been shown to vaiy directly with ionized calcium 
concentration,^^ any beneficial effects of pH correc- 
tion may be masked by hypocalcemic ventricular 
depression. 

A single study in patients with lactic acidosis 
treated with sodium bicarbonate failed to reveal any 
significant changes in venous lactate concentration, 
hemoglobin affmit)' for oxygen, total body ox)'gen 
consumption, ox)'gen extraction ratio, transcutane- 
ous oxygen pressure, serum sodium concentration, 
or osmolalit^^5^ However, the dose of bicarbonate (1 
mmol/kg) was small. Another study of three patients 
treated with sodium bicarbonate (mean dose, 90 
mEq) during cardiac arrest revealed a rise in osmo- 
lality from 308 to 343 mosm/kg.^s 

In summary, many potentially detrimental effects 
of bicarbonate administration have been identified, 
but their clinical relevance has not been established. 



Other Alkalinizing Therapies: Carbicarb, 
Dichloroacetate, Tris-Hydroxymethyl 
Aminomethane, and Dialysis 

Carbicarb is an equimolar mixture of sodium 
carbonate and sodium bicarbonate. Compared with 
sodium bicarbonate, Carbicarb raises the SID 
(thereby die pH) far more45'48.49.54.62 ^nd boosts the 
PcOs far less^s-^^-^ when given IV to animals with 
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metabolic acidosis. "^^^ extent that the failure of 
sodium bicarbonate to effect hemodynamic improve- 
ment is caused by tlie generation of carbon dioxide, 
Carbicarb might be superior. Carbicarb more con- 
sistently increases intracellular pH 49.62.64 ^nd al- 
though it improved hemodynamics in two stud- 
ies,' ^-^^ it did not in three others 4s.62.64 

DCA is a compound that probably works by 
stimulating tlie pyruvate dehydrogenase complex, 
the rate-hmiting enzyme that regulates the entry of 
pjTuvate into the tricarboxylic acid cycle, thus pro- 
moting tlie clearance of accumulated lactate. In 
addition, DCA increases myocardial glucose utiliza- 
tion and contractility.^" Although several animal and 
clinical trials showed that DCA could raise pH and 
bicarbonate concentration while lowering lactate 
concentrations, with httle apparent toxicity,s2.s8.89 a 
large, multicenter, placebo-controlled trial in pa- 
tients with lactic acidosis failed to confirm improved 
hemodynamics or outcome.^ This drug is not avail- 
able commercially. Tris-hydroxymethyl aminometh- 
ane is a weak alkali tliat penetrates cells easily. Its 
potential to raise blood and intracellular pH without 
producing carbon dioxide has been confirmed in 
animal models of metabohc acidosis. Tris-hydroxy- 
methyl aminometliane also improved myocardial 
contraction and relaxation in an isolated rabbit heart 
preparation.'' Although tris-hydroxymediyl amin- 
omethane is commercially available, complications of 
hyperkaleinia, hypoglycemia, extravasation-related 
necrosis, and neonatal hepatic necrosis are likely to 
Umit its use. 

There have been many case studies that report the 
use of dialysis to control the volume and sodium 
loads that accompany sodium bicarbonate infusion. 
In most of these reports, sodium bicarbonate alone 
did not improve the pH or lactate concentrations, 
but bicarbonate-buffered peritoneal dialysis did. 
Perhaps importantly, peritoneal dialysis was very 
effective at removing lactate. The returned dialysate 
contained between 2.6 mEq/L and 14 mEq>4. of 
lactate in one study,^^ and the calculated lactate 
clearance by peritoneal dialysis averaged 21 mlVmin 
in another.^' The impact of bicarbonate infusion plus 
dialysis on cardiovascular function and outcome has 
not been studied systematically, nor has die rele- 
vance of the bicarbonate component of this potential 
treatment been examined. 



Conclusion 

Sodium bicarbonate is clearly effective in raising 
the arterial pH in critically ill patients with lactic 
acidosis. The impact on intracellular pH is unknown 
in such patients, but extrapolation from extensive 



animal stTiR5 suggests that it is negative. Despite 
the correction of arterial acidemia, sodium bicarbon- 
ate, like DCA, has no favorable cardiovascular el- 
fects, even for patients with severe acidemia and 
receiving continuous infusions of catecholamines. 
Although hemodynamic improvement is not the only 
mechanism by which bicarbonate might be benefi- 
cial, animal studies have failed to yield alternatives. 
Even dieoretical arguments in favor of sodium bicar- 
bonate administration rely on a naive representation 
of acid-base physiology, ignoring the complex com- 
partmentalization of pH, the second-level effects of 
bicarbonate infusion, the impact of carbon dioxide 
generation, or the negative consequences of hyper- 
lactatemia. We believe most cfinicians who continue 
to use bicarbonate for patients with severe lactic 
acidosis do so largely because of their inclination to 
action: How can I "fail" to give bicarbonate when no 
alternative therapy is available and the mortahty of 
this condition is so high? 

The oft-cited rationale for bicarbonate use, that it 
might ameliorate the hemodynamic depression of 
metabolic acidemia, has been disproved convinc- 
ingly. Any future role for bicarbonate in these pa- 
tients depends on the formulation of new hypotheses 
of efficacy followed by animal and clinical studies to 
seek to confirm any proposed benefit. Given the 
current lack of evidence supporting its use, we 
cannot condone bicarbonate administration for pa- 
tients with lactic acidosis. We extend this to those 
with pH < 7.2 on vasoactive drugs, inasmuch as 
bicarbonate has no measurable beneficial effects 
even in these sickest patients. Indeed, we do not give 
or advise bicarbonate infusion regardless of the pH. 
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Development of an oral formulation of 
omeprazole 
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Om^razole has a low water solubility and is chemically labile in an acid cnviroamcnt. In 
the formulitionof an oial dosage form of omeprazole the possibilities of dissolution rate 
limited absorpdon and preabsorption degradation must be kept in mind. A water suspen- 
sion of omeprazole was tested in a pUot bioavailability study. The suspension was 
given to six healthy, fasting volunteers on two occasions - together with sodmm bicar- 
bonate solution and together with the same volume of water: When the suspension was 
given whh water the bioavaflabiUty wis reduced by about 50 «i owing to preabsorption 
degradation. In another bioaviilabiUty study the slowert of three granule formulations 
with differing in vitro dissohttion rates showed a reduced «tem of absorption. 
A controUed-ielease peUet formuUtion (enteric<oated) was formuUted and tested in a 
series of bioavaOabiUty studies. A single dose given with food resulted in a delayed 
absorption and possibly lower bioaviilabiUty than under fasting conditions. When the 
granules were given on an empty stomach before die morning meal die length of tirne 
between dosage and meal was of no importance Coneomitam administration of a liquid 
antacid had no infhience on die bioavailability of omeprazole. 
K^wofds: Bioavailability; controlled release; dosage form; enteric coating; omeprazole; 
j stability 
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Introduction 



Omeprazole (Figure 1) is a substituted benz- 
imidazole which se^^^^'^ th^ prnton 

pump in the gastric mucosa (i. 2). Oweprazolc t* 
very slightly sotuMt in water, but is very s<0uble tn 
alkaBne solutions aatneiw^iwij i iwipii inn Utt 
an ampholyte with pKa'^TCpyridinium) and tS 
(benzimidazole). 



than 10 minutes at pH-values below 4. At pH 6.S the 
half-life of degrmdatiOQ is 18 hours; at pH 11 about 
300 days* 

Preformulation studies have shown that mouture, 
y solvenu and acidic substances have a deleterious ef* 
feet on the subility of omeprazole and should be 
avoided in pharmaceutical formulations. 



Omeprazole degradef ^«ryt npidly bfe-wM 
tionat low pH-vthica. FtgorrMMRiiaptoiofthe 
logarithm of the observed i»ie- em^tnm fo^ 

demdatlon ai a ftmccion of pH. In each experi- 
ment* the initial, pseudo-rtnt-order rate of 
degradation was calculated from the amount of un- 
ch&;iged omeprazole in buffer solutions Tat 
rate of degradation proceeds with a half-Ufe of leu 




methoay-33-dimethyl-2-pyridinyl) mcthyii suifinylj -IH- 
benzimidazole 



114 




Figure 2. Logarithm of the observed rate constant (kob». h'M for the 
omeprazole in water solution at constant pH, plotted as a funaion of pH. 



11 pH 

pseudo-fim-order degradation of 



The aim was to develop a stable; oral, phar- 
maceutical formulation of omeprazole in doses of 
20-60 mg, with acceptable bioavailability charac- 
teristics. 

Pharmaceutical con- 
siderations 

For a substance which is very slightly soluble in 
water and which rapidly degrades in the acid en* 
vironment of the stcr^ sch, there is a limited number 
of options as far as pharnuceutical development is 
concerned. 

Solutions 

In animal experiments and in initial studies in man 
it is highly preferable to use water solutions of the 
drug in order to avoid influences of the dosage form 
on the pharmacokinetics and pharmacodynamics 
of the drug« Omepiaxoie is, however, only soluble in 
alkaline water solutions with physiologically unac- 
ceptable, high pH-values. 

Suspensions 

In toxicologlcal and phoic I clinicJ studies, su£p£«a- 
sions of omeprazole in water were usrd. Microni^ed 



omeprazole - particle surface area larger than 
m*/g - was suspended in a 025 % water solutio 
of methylcellulose also containing sodium bicar*- ^^1 
bonate as pH buffer. The suspensions can be stored 
at refrigerator temperature for a week, or stored 
deep frozen for more than a year, and still retain 
99 % of their initial potency. To avoid acidic 
degradation of omeprazole; the suspensions must 
be administered orally together with large amounts 
of pH buffering substances. 

Solid dosage forms 

There are two principle options for the formulation 
of an oral, solid dosage form of omeprazole: 

• A conventional oral dosage form from which 
omeprazole is released and absorbed rapidly 
enough to avoid degradation in the stomach. 

• An enteric-coated dosage form, which releases 
omeprazole for absorption in the small 
intestine 

The first option was ruled out in a pilot 
bioavailability study (see below), where it wr 
shown that more than half of the omeprazole in 

rapidly diisoiving dcsace form degrades ia t'ne 
^lOmsch. 



|i4 V 
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An cntcric-coatcd dosage form, which docs not 
release the active ingredient far dissolution and ab- 

D^rption until it has been transported down to the 
..cutral reacting part of the small intestine, offers 
the best possibilities. The dosage form - a ublct, a 
capsule or granules - is coated with a polymer, 
which is insoluble in add media but soluble in 
neutral to alkaline media. Depending on the choice 
of polymer and on the thickness of the coated layer, 
the pH-sblubiiity profile of the enteric-coating can 
be controlled. 

An enteric-coated dosage form of omeprazole must 
be perfectly coated and acid resistant, since, if any 
drug leaks out of the dosage form in the stomach, it 
is almost immediately degraded. The same is the 
case if an acidic medium can diffuse into the dosage 
form through pin-holes or damage in the enteric- 
coating. 

Solid particles of a size exceeding 2-4 mm, such as 
enteric-coated Ubleu or capsules, are known to re- 
main in the stomach for a long time before they arc 
emptied into the small intestine (4-6). Non- 
disintegrating, coated tablets administered together 




Figure 3. Dissolution of omeprazole from three l^mjj^ 
fonnulatioai «i wf/o in phosphate buffer. pH ■ 6.3. The 
cumuUdvc amount dissolved (^) u plotted as a function 



▲ giiauki, batch H 3704-1 
▼ gfiAultt. batch H 370-1-1 



with food were found to suy in the stomach for 
more than 14 hours (7). Enteric-coated aspirin 
tablets showed a prolonged and erratic gastric emp- 
tying, while enteric-coated granules of a size of 
about 1 mm dispensed in hard gelatine capsules 
dispersed in the content of the stomach and 
gradually emptied in to the small intestine in a 
reproducible way (5). 

In the pharmaceutical manufacture of coated 
dosage forms, it is impossible to coat every single 
unit in a batch perfectly. A small fraction of units 
will have imperfect coating, or else be damaged 
during further handling and transport. For a single 
unit, enteric-coated dosage form of omeprazole, 
tg, a tablet, there is always a small risk that aU 
omeprazole contained in the dose can be degraded 
in the stomach. For a multiple unit, enteric-coated 
dosage form, eg, enteric-coated granules dispensed 
in a hard geladne capsule, only the omeprazole con- 
tained in a few pdlets out of a total of hundreds is 
lost. Our efforts were, therefore, concentrated on 
developing an enteric-coated granule formulation. 

Formulation and in vitro 
testing 

in the formulation of a solid dosage form of 
omeprazole, having a low water solubility of 0.1 
mg/ml there is always the risk of dissolution rate 
limited absorption. Three spherical granule for- 
mulations containing 10 ^ of omeprazole were 
manufactured and classified. The fraction with a 
diameter between 0.7 - 1.0 mm was used for further 
studies. 

The dissolution rate in wY a> was determined using a 
slightly modified beaker method according to Levy 
and Hayes (8). 500mlof deaerated phosphate buff- 
er pH 6.5, ionic strength 0.1, was kept at +37*C 
and stirred at a rate of 100 rpro. An amount of 
granules corresponding to 10 mg of omeprazole was 
added and the amount dissolved determined from 
the continuous recording of the absorbance at 300 
nm in a spectrophotometer using I cm flow cells. 
The cumulative amount dissolved is plotted as a 
funrtio?^ of time in FSf ure 3. All three formulations 
rclcAMd .T*os: of their content o< cmcprxiok hin 
30 minutes. 
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A pilot bioavailability study shw^^ that the 
two faftcr dissolving granules were absorbed to the 
same extent, while the extent of absorption of the 
more slowly dissolving granules was reduced. 

Rapidly dissolving, spherical granules containing 
10 •fe of omeprazole were enteric-coated with ap- 
proximately 15 % by weight of polymer. The 
coating was sprayed onto the granules from an 
organic solvent solution in a fluidised bed ap- 
paratus. After drying, the coated granules were 
analysed and dispensed in hard gelatine capsules. 

The granules were tested for acid resisunce in vitro 
in the following way: An amount of granules cor- 
responding to 10 mg of omeprazole was dispersed in 
500 ml of 0.1 molar hydrochloric add at a 
temperature of +37'C Stirring was done with a 
paddle at a rate of 100 rpm. After two hours the 
granules were removed from the vessel, rinsed with 
water, dried and analysed for omeprazole by liquid 
chromatography. After two houn exposure to 
acid more than 85 ^ of the initial amount of 
omeprazole was recovered. When tested for dissolu- 
tion ratt in vitro in a medium of pH 6.5, more than 
90 % dissolved within 15 minutes. 

Omeprazole capsules have an acceptable storage 
stability when stored in a proper package. The 
stability characteristics of omeprazole - the 
substance is sensitive to moisture - necessiute the 
presence of a desiccant in the package. 

Bioavailability evaluation of 
dosage forms 

Omeprazole suspension given 
with and without pH-buffers 

The solubiUty and stability properties of 
omeprazole prevent the use of water solutions as the 
reference formulation ta animal and human 
studies. A rapidly dissolving suspension of 
micronised omeprazole is the second best choice as 
the reference formulation. However, since 
omeprazole degrades rapidly in an acid environ- 
ment, it b essential to know the magnitude of the 
degradation occurring prior to the absorption of an 
oral dose. A pilot bioavailability study was 
therefore performed using six h<^tby, male 
volunteers. 



A suspension of micronised omeprazole 60 mg. in \ 
water, 50 ml, also containing 8 mmolcs of sodium ^ 
bicarbonate (pH=9) was administered in iW^ > 
following way: In the morning, after fasting for \^ 
least ten hours, the volunteers were given a solution 
of 8 mmoles of sodium bicarbonate in 50 ml of 
water. Five minutes later the volunteers took the 
omeprazole suspension and rinsed it down with 
another 50 ml of sodium bicarbonate solution. 10. 
20, and 30 minutes later, a further 50 ml of sodium 
bicarbonate solution was taken. The amount of 
sodium bicarbonate is sufficient to buffer the pH of 
the gastric content to neutral values for at least 45 y 
minutes. 

In another experiment, a suspension of omeprazole 
in water (pH adjusted to 9 by sodium hydroxide)^ 
was administered according to the same protocol as 
above but with the sodium bicarbonate solutions 
replaced by water. Doses wre given in random 
order with a week's interval between doses. Venous 
blood was sampled frequently over a period of four 
hours and blood plasma was analysed for 
omeprazole by liquid chromatography (9). 

The results of the plasma analyses are shown C 
Figure 4. The absorption of omeprazole proccedS" 
rapidly and peak plasma concentrations were 




• buffered luspcnsioD 

▲ suspension without buffer 
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reached after a mean of 13 minutes in both ex- 
pcrimenis. The area under the plasma conccntra- 
'^4i^on time curve (AUQ was . calculated by the 
^^^^r.apezoidal method up to four houn after ad- 
ministration and extrapolated to infinity by 
dividing the last plasma concentration by the 
negative slope of the terminal, linear part of the 
log/linear plasma concentration time curve. 

When the omeprazole suspension was given 
together with sodium bicarbonate buffer, the mean 
AUC was 4.8 fimol x h/1 (range 2.8 - 8.8), With- 
out the buffer protection the AUC was reduced 
to a mean of 11 fmol x h/1 (44 indicating 
that more than half of the dose was lost due to 
degradation in the addic stomach. 
A straight-forward pharmacokinetic analysis of the 
data showed that the absorption of omeprazole was 
rapid and completed within the period during 
which the stomach was neutral The results dearly 
show that a conventional non-buffercdt oral 
dosage form of omeprazole wiU have a low systemic 
bioavailability owing to prcabsorption degrada- 
tion of omeprazole in the stomach. 

Bioavailability of granules - in- 
fluence of dissolution rate 

A pilot bioavailability study in six, healthy 
volunteers was performed in order to clarify the in- 
fluence of the dissolution rate on the absorption of 
omeprazole Three granule formulations - the 
dissolution curves arc shown in Figure 3 - were 
tested using buffered suspms^rr « •he r-fer^w* 
formulation. In cfier to avoid problems with the ; 
degradation of omeprazok, doses of 60 mg wcr^ 
given together with sodium bkmi6ovMtiB$i^ib' 
ed abowc \tenous blood was frequently sampled and 
blood plasma analysed for omeprazole {% The 
AUC for the two faster dissolving granules 
(H 370-9-1 and H 370-8-1) relative to that of the 
reference formulation was 93 and 92 respective- 
ly. The granules with the lowest in viiro dissolu- 
tion rate (H 37W-I) were absorbed to a lower extent 
and had a mean relative AUC of 73 * only. The 
mean peak plasma concentration for granules 
H 37CKI-I tciihcd £boui 20 minutw later than 
for the other two granule formulations and for the 
susptrjion. also indicating a lower rate of ab* 
sorptioTL 



From this experiment, it can be conduded that the 
in vitro dissolution rate method used can dis- 
criminate between accepuble and non-accept- 
able batches. In order to be fully absorbed, the 
in vitro dissolution rate should be as high as, or 
higher than, that of granules H 370-8-1. 

Bioavailability of enteric-coated 
granules 

Sbt, healthy, male volunteen partidpated in a three- 
way, cross-over bioavailability study. They recdved, 
in random order, 60 mg single, oral doses of 
omeprazole dther as a buffered suspension given 
together with sodium bicarbonate solution, or as 
enteric-coated granules dispensed in bard gelatine 
capsules given together with 300 ml of water on an 
empty stomach or as enteric-coated granules in cap- 
sules together with a meaL In each experiment, 
standardised meals were served 2.3 and 6 hours 
after administration of the dos^ Venous blood was 
sampled frequently for four hours (suspension) or 
seven hours (granules). Blood plasma was analysed 
for omeprazole by liquid chromatography accord- 
ing to I^rsson et al (9). 

The results of the plasma analyses are shown in 
Figure 5. The absorption of omeprazole after the 
suspension was given was rapid, and peak plasma 
concentrations were reached within 10-20 
minutes, Afwr administration of theenteric<oated 




Figure 3. PUima concentration of omeprazole mean 

or ' SPM, in six heiUihy volun<w» |iwn «0 mg tintKt 

oral doses of omepnzole as: 

• buffered mpcfuion 

■ entcic-wMtcJ AMUsuIci bcfcrr brukfj^t 

▲ enteric -:&aied granule? with brr^ikfaa 
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granules a certain time was required for gastric 
emptying and for dissolution of the enteric-coating 
before absorption of omeprazole started. In most 
cases, gastric emptying occurred in connection with 
the meal served 2.5 hours after ihc dose. In one sub- 
jea, when enieric<oated granules were gixxn with 
food, gastric emptying of granules did not start un- 
til in connection with the second meal, served six 
hours after the dose. 

The plasma concentration-time curves obtained 
after administration of enteric-coated granules 
were flat and broad, and peak plasma concentra- 
tions were low. The total amount absorbed, as 
reflected by the AUC, was, however, only de- 
creased by 14 7o when the granules were given on an 
empty stomach in comparison with the buffered 
suspension. The corresponding figure for en- 
teric-coated granules administered with a meal 
is higher, but since absorption of omeprazole 
was not completed In all subjects when the ex- 
periment was terminated, the exact figure is un- 
known. Although this study is not fully con- 
clusive regarding the bioavailability of omeprazole 
given with food, it is recommended that ome- 
prazole should be taken in the morning before 
breakfast. 

The effect of omeprazole on gastric add secretion is 
long lasting (10). The effea is not a direa function 
of blood concentration of omeprazole at any time, 
but is rather a function of the total amount of 
omeprazole reaching the general circulation, ix., 
direaly proportional to the AUC (2, 10). This 
means timt the aauic p^iA/mavolii^itival ci7ca is 
achieved with dosage forms of omeprazole produc- 
ing equal AUCs. The shapes of the plasma concen- 
tration-time curves are of no importance. 

Bioavailability of enteric- 
coated granules administered 
at different times before 
breakfast 

When omeprazole enteric-coated granules are given 
with a meal, the rate of absorption of omeprazole is 
reduced. Patients are therefore reconmiended to 
take the dose on an empty stomach before the morn- 
ing HiC:^!. Hcwtvt:, in c'Uikal prac:;c* it it 
necessary to know what length of time is required 




bel^^Ten dosing and food intake. To be able to 
answer the question, we performed a bioavail- 
ability study comparing omeprazole entc^^ 
coated granules given IS minutes before the 
breakfast with the same dose given 2 minutes 
before the meal. A buffered suspension was 
again used as the reference formulation. 
Twelve healthy volunteers participated in the 
study. The doses were given as described above. 
Standardised meals were served after 2.5, 6, 10 
and 13 hours. Blood samples were collected 
over a period of 6 hours (suspension) and 24 
hours (granules). 

Eleven of the subjects completed the study and are 
included in the results. The resulting mean plasma 
concentration time curves are shown in Figures 6 
and 7. It is interesting to note that the absorption of 
omeprazole from the enteric-coated granules in 
some subjects surted as early as 30 minutes after 
the dose and that most subjects had a second plas- 
ma concentration peak shortly after the second 
meal served 2.3 hours after dose. 




Figure 6. Plainu concentration of omeprazok mea 
+ or - SEM, to eleven healthy volunteers given a 60 mg 

single, QOil dc« cl cm^prarok a buiiercc suspension 
under fasdng conditions. 
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. Figure 7. Plasma concentration of omeprazote. men + or 
"VjgM. in eteven healthy given 60 mg single, oral doses of 
jtneprazole as: 

enteric-coated granules: 65.5 % when given 15 
minutes before breakfast and 66.6 <fc when given 2 
minutes before breakfast. The variabiUty in the 
AUC between doses within subjects was small, u 
can be seen in Figure 8. The conclusion of thU study 
is that the omeprazole dose can be »iven before the 
morning meal, and that there u no need to specify 
any time between the administration and the start 
of the morning meal. 

Bioavailability of enteric- 
coated granules - interaction 
with antacids 

In the clinical treatment of ulcer, antacids are often 
prescribed together with inhibitors of gastric acid 
secretion. Antacids may interfere with the function 
of an enteric-crated dosage form and cause 
dissolution of the coating in the stomach. For 
...•neprazole this could mean an increased risk of 
degiadationinthestomach. V.e theretor; ;ssted ins 
inRuence of a Uquid anucid on the bioavaitabiliiy 
of omeprazole enteric-coated granules. 



• enteric-coated granules IS ounuta before bieakfast 
▲ enteric<oaied granules 2 minutes before breakfast 

Six healthy volunteers were given, in random 
Older, enteric-coated granules with and without 
concomitant administration of an aluminium- 
magnesium hydroxide/carbonate suspension. The 
dose was given on an empty stomach and venous 
blood samples collected during a period of seven 
hours. In one experiment the subjecu were 
pietreated with antacid the day before the ome- 
prazole administration. 10 ml doses of a Uquid ant- 
acid with an acid-binding capacity of 85 mmol 
per dose (Novaluzid*. AB Hlssle, Sweden) were 
given one and three hours after each meal and at 
bed time: a total of seven doses. On the morning of 
the next day. another lOmldose was given just prior 
to the dose of omeprazole enteric-coated granules. 
In the other experiment omeprazole enteric-coaied 
granules »*re administered without anucid treat- 
ment. 

The results of tiw plA*n» -iial>4ei are summarijcd 
in Figure 9. which shows the individual and mean 
AUCs. nc nK3.l AUC v^as practically identical in 
the two experiments. As can be seen in Figure 9. the 
variabiUty in the AUG within each subject u small. 
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ifiguie 8. AUC Uonolxh/l) in eleven fmw "^^^P^^"' 
given 60 mg iiiygle, CHrtl dMes of omepraiote as a buffjEni^^ 
. suspension and ent^lc-oclated granules IS or 2 minutest 
-before breakfast. ? ' *;ftT 
individual >n|lues 
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whereas the variability bikwecn sti[|b|jeicts 
substantial. .. . :;V; r ' ^ ** ' 



ConclusiocrCo-administratioa^i^wtacid^ 
ijifluenccji^^^lfhi^bic^^ df btneprazole 
, given "fis'^&ic!::)?!^^ • ? 
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Summary 

HCO3' secretion, which is believed to neutralize 
acid within the mucus gel, is the most studied 
duodenal defense mechanism. In general, 
HCOs' secretion rate and mucosal injury 
susceptibility correlate closely. Recent studies 
suggest that luminal acid can lower intracellular 
pH (pHi) of duodenal epithelial cells and that 
HCO3" secretion is unchanged during acid 
stress. Furthermore, peptic ulcers are rare in 
cystic fibrosis (CF), although, with impaired 
HCO3' secretion, increased ulcer prevalence is 
predicted, giving rise to the 'CF Paradox'. We 
thus tested the hypothesis that duodenal 
epithelial cell protection occurs as the result of 
pHi regulation rather than by neutralization of 
acid by HCOs" in the pre-epithelial mucus. 
Cellular acidification during luminal acid 
perfusion, and unchanged HCOs' secretion 
during acid stress are inconsistent with pre- 
epithelial acid neutralization by secreted HCO3" 
. Furthermore, inhibition of HCO3" secretion by 
5-nitro-2-(3-phenylpropylamino) benzoic acid 
(NPPB) despite preservation of pHi and 
protection from acid-induced injury further 
question the pre-epithelial acid neutralization 
hypothesis. This decoupling of HCOs' secretion 
and injury susceptibility by NPPB (and possibly 
by CF) further suggest that cellular buffering, 
rather than HCO3" exit into the mucus, is of 
primary importance for duodenal mucosal 



protection, and may account for the lack of 
peptic ulceration in CF patients. 



The location of the duodenum just distal to the 
gastric antrum and proximal to the 
pancreaticobiliary ducts uniquely exposes its 
leaky epitheliimi to a low pH environment due 
to peristaltically conveyed pulses of 
concentrated gastric acid, which vary luminal 
pH between two and seven on a scale of 
minutes [1, 2, 3]. Rapid shifts of duodenal pH 
are likely to create intense stress on the 
epithelial cells to maintain constant intracellular 
pH (pHi) in order to maintain function and 
prevent irreversible necrosis due to intracellular 
acidification [4, 5]. The currently held 
explanation as to why the cells are protected is 
that active epithelial bicarbonate secretion 
forms a neutralizing barrier in the pre-epithelial 
mucus, preventing acid penetration into the 
cells [6]. 

Cystic fibrosis (CF) is an inherited disease 
caused by mutations of the cystic fibrosis 
transmembrane regulator or cystic fibrosis 
transmembrane conductance regulator (CFTR). 
Impaired duodenal and pancreatic HCO3" 
secretion characterizes patients afflicted with 
this disease, which, combined with normal or 
supernormal gastric acid secretion, produces 
abnormally high acidity in the upper 
gastrointestinal tract. Consequences of this 



JOP. Journal of the Pancreas - http://www.joplink.net - Vol.2, No.4 Suppl. - July 2001 



268 



JOP. J. Pancreas (Online) 2001; 2(4 Suppl):268-273. 

acidity are erosive esophageal disease, 
pulmonary acid reflux, and inactivation of 
secreted pancreatic enzymes. Despite these 
marked acid-related abnormalities, these 
patients are remarkably resistant to peptic 
duodenal ulceration, a phenomenon yet 
unexplained. In this report, we will propose and 
we will experimentally test what we will term 
the 'CF Paradox' in an attempt to explain this 
apparent protection from duodenal injury. 
Bicarbonate has been thought to be the major 
means by which the duodenal epithelium was 
protected from acid-induced injury. It is a 
logical duodenal defense mechanism for the 
following reasons: 1) Duodenal bicarbonate 
secretion/cn? epithelium much greater than 
gastric bicarbonate secretion [7, 8, 9, 10]; 2) pH 
electrode studies suggest that epithelial 
bicarbonate secretion creates a layer of neutral 
pH next to the mucosa [11, 12, 13]; 3) 
Helicobacter pylori infection complicated by 
duodenal ulcers is associated with diminished 
bicarbonate secretion, and eradication of 
Helicobacter pylori infection restores duodenal 
bicarbonate secretory capacity [14, 15]. 
Furthermore, a strong correlation between 
bicarbonate secretion and mucosal injury 
susceptibility has been found in experimental 
animal models [16, 17, 18]. The mechanism by 
which bicarbonate is secreted from the 
epithelial cell is controversial. Bicarbonate is 
transported from the blood across the epithelial 
cell basolateral membrane by a variant of the 
sodium-bicarbonate transporter (NBC), in 
response to decreased pHj resulting from 
exposure to luminal acid. Alternatively, 
bicarbonate can be formed in the epithelial cell 
cytoplasm from condensation of gaseous in- 
diffusing CO2 and water catalyzed by carbonic 
anhydrase, with generated protons exiting via a 
basolateral NaVFf exchanger 1 (NHEl) [19, 
20]. Since inhibiting or eliminating the apical 
membrane CFTR greatly attenuates bicarbonate 
secretion [21, 22], the CFTR has been 
implicated in the mechanism of bicarbonate 
secretion, although it is unknown whether it 



serves directly as a bicarbonate channel, or 
indirectly to preserve transmembrane electrical 
or ion gradients. 

We have re-examined the role of bicarbonate 
secretion in overall duodenal defense from acid, 
and, in doing so, have formulated a novel 
hypothesis with regard to the role of 
bicarbonate transport. To test these 
possibilities, we developed a technique for the 
measurement of pH in the duodenum of 
anesthetized rats [23]. With this system, we 
could perfuse solutions of varying pH through a 
chamber placed over the exposed duodenal 
mucosa, thereby simulating changes in luminal 
pH. With this system, we exposed the mucosa 
to a brief pulse of acid, which promptly 
decreased ptt. This fall of pH, even with 
mildly acidic perftisates, suggested that acid 
could readily penetrate the overlying mucus gel 
and the mucosa, therefore calling into question 
the role of pre-epithelial bicarbonate 
neutralization in duodenal mucosal defense. 
With removal of the acid challenge, pH was 
elevated to supernormal values, which indicated 
that cellular buffering power has increased, not 
decreased, during acid challenge. Furthermore, 
a second acid challenge acidified pH less than 
the first; further confirming that acid exposure 
was associated with increased cellular buffering 
power. This somewhat surprising finding was 
confirmed by comparison with prior studies 
conducted in a variety of systems, in which acid 
pulses were followed by pH overshoot, 
indicative of increased buffering power in cells 
containing a plasma membrane base-loading 
mechanism such as sodium-bicarbonate 
cotransport [24], 

Further studies indicated that this buffering 
power increase was inhibited by the stilbene 
anion transport inhibitor 

4,4'diisothiocyanostilbene-2,2'-disulfonic acid 
(DIDS). When exposed to two short acid 
pulses, pH decreased less during the second 
challenge; again strongly suggestive that 
cellular buffering power was increased during 
acid exposure. DIDS inhibited this adaptive 
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effect. Our studies were thus consistent with 
bicarbonate uptake being induced by luminal 
acid exposure by a DIDS- inhibitable 
mechanism, which is most likely a sodium- 
bicarbonate cotransporter (NBC), presumably 
located on the basolateral, blood-facing cellular 
pole. This finding was expected insofar as 
primary isolated duodenal epithelial cells 
recovered fi-om acid exposure by a mechanism 
consistent with the activity of an NBC [25], and 
that bicarbonate-secreting pancreatic duct cells 
have a basolateral membrane NBC [26]. A 
recent study confirms the presence of a NBCl 
in the basolateral membrane duodenal epithelial 
cells [27]. 

Base loading during acid challenge, which 
increases cellular buffering power and 
attenuates the fall of pH, is an attractive means 
of defending the epithelium fi-om acid 
challenge. To address how bicarbonate 
secretion is related to this observation, we 
performed parallel experiments in which 
bicarbonate secretion was measured in a 
perfiised duodenal loop exposed to the same pH 
perfijsion sequence as the measurements of pH. 
We found that titratable alkalinity increased 
substantially during acid perfusion, although, 
total CO2 content decreased somewhat at the 
same time. The best explanation for these data 
was that although acid back-diffiision increased 
markedly during luminal acid perfusion, 
bicarbonate secretion was unchanged, 
inconsistent with its putative protective 
function. The implications of these data, 
combined with our measurements of pH,, 
support our hypothesis that increased cellular 
buffering, and not bicarbonate secretion, is the 
primary duodenal defense mechanism fi-om 
acid. Acid was not neutralized at the duodenal 
surface, since cellular pH, clearly decreased 
during acid challenge, and since acid back- 
diffusion was the major means of acid loss 
when perfiised over the mucosa. Furthermore, 
since bicarbonate secretion was unchanged 
during acid perfusion, and only increased after 
acid removal, bicarbonate cannot be a major 
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7.0 2.0 2.0 7.0 
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Figure 1. Sequential response of duodenal epithelial 
cells to luminal acid. In the left panel, steady-state pHj 
about 7.1 when no acid is present. In the succeeding 
panels to the right, luminal acid rapidly acidifies the 
epithelial cells. Low pH increases the activity of the 
basolateral sodium-bicarbonate cotransporter (NBC), 
which increases cellular bicarbonate concentration, 
increasing cellular buffering power. When luminal pH 
returns to neutrality, acid diffuses out of the cell. The 
excess intracellular base produces a supernormal pH or 
overshoot. This in turn activates the bicarbonate 
secretory mechanism (CFTR), which produces 
bicarbonate secretion. 

protective mechanism, since its increased 
secretion is present only when it is not needed 
i.e. when acid is no longer present. In this 
proposed mechanism, shown in Figure 1, 
bicarbonate secretion occurs to remove excess 
alkali from the cell when excess intracellular 
bicarbonate is no longer needed after acid 
challenge. 

In our most recent studies, we have used the 
inhibitors DIDS and NPPB in order to fiirther 
test our hypothesis. Both inhibitors abolished 
bicarbonate secretion, as has been published 
previously [28, 29]. DIDS decreased pHj of the 
duodenal cells whereas NPPB increased pH. 
These effects on pHi were consistent with 
inhibition of base uptake and exit from the cell, 
respectively. We then showed that 
susceptibility of the epithelial cells to acid 
injury was enhanced by DIDS but decreased by 
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NPPB. We thus were able to uncouple 
bicarbonate secretion from mucosal protection, 
since NPPB inhibited bicarbonate secretion 
while enhancing injury susceptibility. These 
data added further evidence that intracellular 
pH regulation, and not secreted bicarbonate, 
appears to be of prime importance for duodenal 
mucosal protection. 

We have formulated the 'CF Paradox', in which 
we pose the question: why is the prevalence of 
duodenal ulcers not increased in patients with 
CF? Patients with CF, for example, have high 
normal acid secretion [30], and must take 
gastric antisecretory medications in order to 
diminish esophageal acid reflux and to prevent 
acid-mediated inactivation of pancreatic 
enzymes [31, 32]. Furthermore, pancreatic and 
duodenal bicarbonate secretion are presumably 
impaired by the disease [22], and duodenal pH 
is lower than normal [33]. Helicobacter pylori 
infection prevalence resembles that of the 
unaffected population [34]. Combined with the 
frequent prevalence of chronic lung disease, 
these patients should be a high risk for peptic 
ulceration. Clinical experience, and the 
literature, however, does not support an 
increased incidence of peptic ulceration is this 
population, but rather, it appears that the 
prevalence of peptic ulceration may actually be 
diminished [35, 36]. 

We propose that the impairment of duodenal 
bicarbonate secretion in the disease may 
explain why this population may be protected 
from peptic ulceration. Recall that the CFTR is 
needed for duodenal bicarbonate secretion. If 
the cells can base load normally via a 
basolateral NBC, or CO2 diffusion, but cannot 
secrete bicarbonate across the apical membrane 
due to defective CFTR functioning, 
'bicarbonate trapping' may occur. Elevated 
intracellular bicarbonate concentrations would 
create a new set point in which cellular 
buffering was elevated compared with non- 
affected cells, protecting the cytoplasm from 
irreversible acidification during acid stress. 
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ABSTRACT 

In view of in vitro tests suggesting good 
performance of an experimental tablet 
formulation of an aluminum hydroxide- 
magnesium hydroxide antacid, a study 
was conducted to evaluate the efHcacy in 
vivo. Twenty-three healthy men and 
women were enrolled in the study, which 
was carried out in two parts: fasting and 
postprandial. Eight of the volunteers 
failed to qualify because of repeated 
baseline pH >2.5. In the 1 5 participants 
who qualified, the intragastric pH was 
monitored for up to 240 minutes after the 
adminisu^tion of one or two experimental 
tablets, 5 or 10 ml of a commercially 
available liquid antacid, or placebo. In 
the fasting subjects (n = 10), the antacids 
rapidly increased the mean pH. One 
antacid tablet and 5 ml of liquid antacid 
yielded similar results, with mean peak 
pH values of 5.2 and 4.8 and durations 
above pH 3.5 of 25 and 40 minutes, 
respectively. When the doses were 
doubled^ 1 0 ml of liquid produced a peak 



pH of 6.7 and maintained the pH above 
3.5 for 40 minutes, whereas two tablets 
produced a peak pH of 4.8 and main- 
tained pH above 3.5 for 1 5 minutes. In the 
fed subjects (n = 10), neither antacid for- 
mulau'on at cither dose significantly raised 
intragastric pH. Further studies arc 
needed to establish the optimal time for 
postprandial administration of antacids. 



INTRODUCTION 

Despite the advent of antagonists for 
treatmerit of peptic ulcers, antacids arc 
still useful for treating esophagitis and 
less well-defined causes of dyspepsia,' 
and these disorders probably are respon- 
sible for a substantial proportion of total 
antacid consumption Antacids based O0 
aluminum hydroxide are the only type of 
antacid with well-documented efficacy io 
the ueatment of gastroduodenal ulcer.* 
Many of the aluminum hydroxide formic 
lations also contain magnesium salts to 
counteract the constipating effect of the 
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aluminum aricTto further improve 
acid-binding capacity. 

A good antacid is one that reacts rapi 
with acid, buffers in the pH range of 1- 
6, has high acid-neutralizing capac 
(ANC), and causes few or minimal s 
effects. In addition to reducing the av 
able hydrogen ion content of the gas< 
juice, antacids can bind bile acids ; 
can inactivate pepsin if the intragas 
pH is brought above 5.5.* 

Various in vitro tests have been de\ 
oped for the evaluation of antacid j: 
formancc. The measurement of Ic 
neutralizing capacity is one widely u 
lest* Other tests, such as the pH-j 
test,^ monitor the reaction rate, and i 
others measure performance under c 
ditions that are intended to resemble 
mvivo environment* Several invest! 
tors^-' have claimed good correlati 
between in vitro test results and in v 
efficacy, although the in vitro tests can 
take into account variations in ante 
activity due to changes in gastric moti 
and secretions and to interactions 
antacids with the gastric mucosa. 

The presence of food in the stom 
profoundly affects the performance 
antacids. Berchtold and coworkers*** 
ported that in vitro tests ovcrcstimat 
^vo neutralizing capacity of antacid 
fte postprandial state. It is current pr 
lice to administer antacids one and H 
hours afler meals, at which time 
Considerable proportion of the meal 
j>een emptied and the remaining foo 
Sufficient for buffering, especially s 
Rastric secretion of acid is increasec 
4e meaL>o At one hour, the contin 
presence of some food prevents preroa 
emptying of antacid from the stom 
Therefore, the interval between a r 
^d antacid administration is critici 
^nns of both gastric emptying and 
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pH or 6.7 and maintained the pH above 
3.5 for 40 minutes, whereas two tablets 
produced a peak pH of 4.8 and main- 
lained pH above 3.S for 15 minutes. In the 
fed subjects (n= 10), neither antacid for- 
mulation at cither dose significantly raised 
intragastric pH. Further studies are 
needed to cstabh'sh the optimal time for 
postprandial administration of antacids. 



INTRODUCTION 

Despite the advent of H, antagonists for 
treatment of peptic ulcers, antacids are 
still useful for treating csophagitis and 
'ess well-defined causes of dyspepsia,' 
and these disorders probably are respon- 
sible for a substantial proportion of total 
antacid consumptioa Antacids based on 
iluminum hydroxide are the only type of 
intacid with well-documented eflicacy in 
.he treatment of gastroduodenal ulcer.* 
Vlany of the aluminum hydroxide formu- 
ations also contain magnesium salts to 
:ounteract the constipating effect of the 



aluminum and to further improve the 
ftcid-binding capacity. 

A good antacid is one that reacts rapidly 
with acid, buffers in the pH range of 3 to 
6, has high acid-neutralizing capacity 
(ANC), and causes few or minimal side 
effects. In addition to reducing the avail- 
able hydrogen ion content of the gastric 
f Juice, antacids can bind bile acids and 

* can inactivate pepsin if the intragastric 
I pH is brought above 5.5.5 

I Various in vitro tests have been devel- 
oped for the evaluation of antacid per- 
formance. The measurement of total 
[ neutralizing capacity is one widely used 

• tesL^ Other tests, such as the pH-stat 
tcst,^ monitor the reaction rate, and still 
others measure performance under con- 
ditions that are intended to resemble the 

^ in vivo environment* Several investiga- 
j tors^-* have claimed good correlations 
y between in vitro test results and in vivo 
efficacy, although the in vitro tests cannot 
take into account variations in antacid 
activity due to changes in gastric motility 
and secretions and to interactions of 
antacids with the gastric mucosa. 
{ The presence of food in the stomach 
\ profoundly affects the performance of 
antacids. Bcrchtold and coworkers*" re- 
ported that in vitro tests overestimate in 
vivo neutralizing capacity of antacids in 
ttie postprandial state. It is current prac- 
tice to administer antacids one and three 
hours after meals, at which times a 
considerable proportion of the meal has 
been emptied and the remaining food is 
insufficient for buffering, especially since 
gastric secretion of acid is increased by 
the meal'o At one hour, the continued 
presence of some food prevents premature 
emptying of antacid from the stomach. 
Therefore, the interval between a meal 
and antacid administration is critical in 
terms of both gastric emptying and pH. 
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Liquid formulations of antacids used to 
be considered more effective than tablets 
because liquids have shown more rapid 
and pronounced effects." However, 
improved tablet formulations have been 
developed that react faster and have 
greater ANC. Antacid tablets are more 
palatable and more convenient than liq- 
uids, important considerations to ensure 
therapeutic compliance." In light of these 
considerations and promising results from 
in vitro and clinical studies, interest has 
been renewed in tablet formulations of 
antacids.^ 

A new aluminum hydroxide-magne- 
sium tablet has been formulated that has 
performed well in in vitro tests. We 
compared the efficacy of the tablet in 
vivo with that of a commercially available 
liquid antacid by measuring intragastric 
pH in healthy adults in both the fasted 
state and the postprandial state. 



METHODS AND MATERIALS 

The study was conducted in healthy men 
and womca Potential participants wcrti 
excluded if they were pregnant, had 
irregular menstrual cycles, or had a 
history ofintcsUnnl or pyloric obstruction, 
gastric surgery, gastrointestinal hemor- 
rhage, or othcroiganicdiscasc, including a 
recent positive finding of occult blood in 
the stool. They also were excluded if 
they had an acute infection, were receiv- 
ing long-term salicylate therapy or had 
ingested salicylates within 24 hours be- 
fore the study, had ingested alcohol 
within 48 hours before the study, had 
smoked withm 24 hours before the study, 
or had used an antacid within 48 hours 
before the study. 

The protocol was approved by the 
Ethics Committee of the Department of 
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Medicine, University of Alberta and 
University of Alberta Hospitals. Written 
informed consent was obtained from all 
subjects before procedures were initiated. 

The antacids used in the study were 
(1) commercially available liquid antacid 
containing 600 mgof aluminum hydrox- 
ide and 300 mg of magnesium hydroxide 
per 5 ml* (ANC = 28.3 mEq) and (2) 
experimental antacid tablets containing 
400 mgof aluminum hydroxide, 400 mg 
of magnesium hydroxide, and 30 mg of 
simethicone per tablet (ANC = 25.4 
mEq). The experimental tablets, pre-., 
pared by Parke-Davis Canada, Inc. dif- 
fered from commercially available tablets 
in the reactivity and method of manufac- 
ture of the acid- neutralizing component 

Study Design and Procedures 

The study was conducted in two parts: 
"fasted" and •'fed.'* Each part had a 
randomized five-way crossover design, 
using placebo and either 5 or 1 0 ml of the 
liquid antacid or one or two antacid 
tablets. Each antacid or placebo was 
tested during a four-hour session with at 
least one day separating lest sessions. 
Subjects fasted from 10 PM of the previ- 
ous evening. In the fasting phase of the 
study, food was not allowed for the 
duration of the test sessioa 

A nose and throat examination was 
conducted before the study. Body temper- 
ature, blood pressure, and heart rate 
were recorded at the beginning and at the 
end of each test sessioa 

On the morning of each test session, a 
nasogastric tube was positioned in the 



♦Trademark: Maalox* TC (Rorer Canada Inc. 
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antrum of the stomach and secured in 
place. Subjects remained seated during 
the test Gastric fluid (3 mO was aspirated 
through the gastric tube by syringe, and 
pH measurements were made within one 
minute of withdrawal. The remainder of 
the sample was returned to the stomach 
with enough air to clear the lube. 

Three baseline pH measurements were 
made before antacid administration to 
ensure the stability of the gastric pH. For 
a participant to qualify for the study, the 
pH of the aspirates had to be 2.5 or less 
on three consecutive samples and the 
variation between .samples could be no 
more than 0.5. If these criteria were not 
met within 40 minutes, the subject was 
not allowed to participate on that day 
and was rescheduled for another day. 

After oral admini.siration of the antacid 
or placebo, the pH of gastric aspirate 
was measured in samples collected at 
therollowingiimes:0.2.4,6,8, 10. 15, 
20, 25, 30, 35, 40, 45, 50. 55, 60. 70, 
80, 90, 100. 110. 120, 150, 180. and 
240 minutes. 

In the second part of the study, the 
baseline pH measurements were obtained 
as in the first phase. A standard breakfast 
(glass of apple or orange juice, one 
scrambled egg, and a muHin or toast) 
was consumed over 15 minutes. The 
antacid or placebo was taken one hour 
after the start of the meal Gastric aspi- 
rates were collected and pH measured at 
the following intervals from the baseline 
reading (immediately prior to start of 
meal): 0, 15, 30, 45, 60, 75, 90, 105, 
120, 135, 150, 165. 180, 195,210,225, 
and 240 minutes. 

When a test session was completed, the 
nasogastric tube was removed. The par- 
ticipants were not allowed to eat or drink 
for 1 5 minutes and were kept under care- 
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fill observatioa No adverse reactions 
i were reported by the volunteers or noted 
throughout the studies. 

Data Analysis 

Individual pH values at each time 
I were used to calculate mean pH and 
standard deviations obtained for tablet 
' or liquid antacid or placeba Experimental 
antacid tablets (one or two tablets) and 
commercially available liquid antacid (5 
and 10 ml) were compared wiih placebo 
and with each other U5;ing the following 
variables: peak pH, time to peak pH, and 
time above pH 3.5. Dificrcnces were 
analyzed by means of two-tailed / IcsLs, 
with P < 0.05 considered statistically 
significant 

RESULTS 

Twenty-three healthy volunteers were 
enrolled in the study, but eight failed to 
meet the baseline pH requirements so 
many times that they were permanently 
disqualified. Among the 15 qualifying 
participants, 2 1 % of the baseline gastric 
pH values exceeded 2.5 (Table I). The 
nine men and six women who completed 
one or both parts of the study had a mean 
age of 24.9 ±5.7 years and weighed 



Table I. Baseline gastric samples fulfil 


t^articipant 


No. of Q 


Sutus 


Participants 


Qualified 


15 


t^isqualified 


8 


Total 


23 



* Baseline pH <2.5 with Iniersample variatio 
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antrum of the stomach and secured in 
place. Subjects remained seated during 
the lest Gastric Hutd (3 ml) was aspirated 
through the gastric tube by syringe, and 
pH measurements were made within one 
minute of withdrawal. The remainder of 
the sample was returned to the stomach 
with enough air to clear the tube. 

Three baseline pH measurements were 
made before antacid administration to 
ensure the stabijity of the gastric pH. For 
a participant to qualify for the study, the 
pH of the aspirates had to be 2.5 or less 
on three consecutive samples and the 
variation between samples could be no 
more than 0.5. If these criteria were not 
met within 40 minutes, the subject was 
not allowed to participate on that day 
and was rescheduled for another day. 

After oral administration of the antacid 
or placebo, the pH of gastric aspirate 
was measured in samples collected at 
the following times: 0,2, 4, 6, 8, 10, 15, 
20, 25, 30, 35, 40,45, 50, 55. 60, 70, 
SO. 90, 100, 110, 120, 150,. 180, and 
240 minutes. 

In the second part of the study, the 
baseline pH measurements were obtained 
as in the first phase. A standard breakfast 
(glass of apple or orange juice, one 
scrambled egg. and a mufTm or toast) 
was consumed over 15 minutes. The 
antacid or placebo was taken one hour 
after the start of the meal. Gastric aspi- 
rates were collected and pH measured at 
the following intervals from the baseline 
reading (immediately prior to start of 
meal): 0, 15, 30, 45, 60. 75, 90, 105, 
120.135.150,165.180.195,210.225, 

and 240 minutes. 

When a test session was completed, the 
nasogasu-ic tube was removed. The par- 
ticipants were not allowed to eat or drink 
for 1 5 minutes and were kept under carfr 
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PjI observation. No adverse reactions 
vrcrc reported by the volunteers or noted 
throughout the studies. 

pata Analysis 

Individual pH values at each time 
were used to calculate mean pH and 
standard deviations obtained for tablet 
or liquid antacid or placeba Experimental 
antacid tablets (one or two tablets) and 
commercially available liquid antacid (5 
and 1 0 ml) were compared with placebo 
and with each other using the following 
variables: peak pH. time to peak pH, and 
time above pH 3.5. Differences were 
analyzed by means of two- tailed / tests, 
vnih P < 0.05 considered statistically 
significant 

( RESULTS 

Twenty-three healthy volunteers were 
enrolled in the study, but eight failed to 
meet the baseline pH requirements so 
many times that they were permanently 
disqualified. Among the 15 qualifying 
participants, 2 1 %.of the baseline gastric 
pH values exceeded 2.5 (Table 1). The 
nine men and six women who completed 
one or both parts of the study had a mean 
age of 24.9 ± 5.7 years and weighed 



67.0 ± 1 1.7 kg. Five of the participants 
completed both parts, and ten completed 
only one part 

J^ect of Antacids in Fasting Subjects 

The niean baseline pH was 1 .79 in the 
placebo group, which v^'zs not significant- 
ly different from the baseline pH values 
in the antacid treatment groups (Table 
n). During the 240-minute period of 
study, intragastric pH values showed 
little change in the participants treated 
with placebo. However, after the in- 
gestion of antacids, the pH of gastric 
fiuid increased significantly as early as 
two minutes after administration and 
remained significantly above baseline 
for at least 20 minutes after antacid 
administration. 

One antacid tablet and 5 ml of liquid 
antacid had similar effects, with peak pH 
levels of 5.24 and 4.79, respectively; 
these peaks were not significantly differ- 
ent {P = 0.60). Times to peak pH were 
six minutes and two minutes, respectively. 
The intragastric pH remained above 3,5 
for 25 minutes with one tablet and for 40 
minutes with 5 ml of liquid; pH values 
exceeded baseline values for approxi- 
mately 60 minutes with either tablet or 
liquid antacids (Figure 1). The rate of 



Table 1. Baseline gastric samples fulfilling or failing study criteria for gastric acidity. 


Participant 
Status 


Na of 


Samples 
Qualify! n£{* 


Samples Failing 


Participants 


(No.) 


No. 


% 


Qualified 
Disqualified 


15 
8 


103 
26 


28 
36 


21 
58 


Total 


23 


129 


64 


33 



* Bueline pH £2.5 with intenample variation <0J. 
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Placebo 
Tablet (l) 
Tablets (2) 
Liquid (5ml) 
Liquid (lOml) 




30 40 50 
tlme(min) 



60 
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80 



Figure 1, Mean pH levels from gastric fluid aspirated from 0 to 80 minutes afler 
administration of tablet or liquid antacid or placebo in 10 Tasting subjects. 



decline in pH aTtcr peak levels was 
similar for one tablet and 5 ml of liquid. 

In contrasL at the higher doses, signifi- 
cant didcrences between the tablets and 
the liquid were apparent Although both 
produced peak pH values at four minutes, 
peak pH was 6.65 after 10 ml of liquid 
and 4.79 after two tablets. Between two 
and eight minutes, the gastric pH was 
significantly higher after administration 
of 10 ml of liquid than two tablets. The 
gastric pH was maintained above 3.5 for 
40 minutes with 10 ml of liquid, whereas 
the pH dropped below 3.5 within 15 
minutes after ingestion of two tablets. In 
the group treated with 10 ml of liquid, 
intragastric pH remained above baseline 
values for at least 1 .8 minutes, whereas in 
the group treated with two experimental 
tablets, the pH returned to baseline 
values by approximately 80 minutes. 



The mean pH of gastric aspirates was 
significantly higher after 10 ml of liquid 
than after 5 ml of liquid at 2. 4. 6, 8, and 
20 minutes. No significant differences 
were found between the one-tablet and 
two-tablet doses. 

Eiffect of Antacids Given One Hour 
After a Standard Meal 

There were no significant differences 
in baseline pH between the five treatment 
groups (Table III). When the subjects 
were fed,, the gastric fluid pH rose to 
peak levels from2.88 to 3.29 in 15 to 30 
minutes. 

Afler antacid administration, the mean 
gastric pH rose but was not significantly 
different from the pH in the placebo 
group (Figure 2). The mean pH after 
administration of 1 0 ml of liquid antacid 
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ic mean pH of gastric aspirates was 
ficantly frighcr ciFtcr 10 ml of liquid 
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linulcs. No significant dincrcnccs 
found between the one-tablet and 
Lnblct doses. 

c( of Antacids Given One Hour 
- a Standard Meal 

lere were no significant dilTerences 
sclinc pH between the five treatment 
OS (Table III). When the subjects 
fed, the gastric fluid pH rose to 
levels from 2.88 to 3.29 in 1 5 to 30 
tes. 

ter antacid administration, the mean 
ic pH rose but was not significantly 
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) (Figure 2); The mean pH after 
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Placebo 
Tablet (1) 
Tablets (2) 
Liquid (5mt) 
Liquid (lOml) 
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Figure 2. Mean pH levels from gastric fluid aspirated from 60 to 240 minutes ader a 
slandardmcalin 10 fed subjects. Placebo or antacid was administered at 60 
minutes. 



was higher than in the other treatment 
groups, but this group also had a higher 
pH immediately before administration 
of medication, so that the net increase 
after antacid administration was not sig- 
nificantly differenL 

DISCUSSION 

For this study, only subjects with base- 
line gastric pH of 2.5 or less in three 
consecutive samples and with variation 
between samples of less than 0.5 units 
were included. The incidence of higher 
baseline pH and variability in acid con- 
tent was unexpectedly high among the 
volunteers enrolled in the study: 64 of 
193 gastric aspirate samples taken at 
baseline had pH values greater than 2.5, 
for a failure rate of 33%. Even more 
surprising was the unusually high pH in 



the majority of cases in which the person 
was disqualified, whether for the day or 
for the entire study. Of the 64 baseline 
samples that did not meet the criteria, 56 
(88%) were associated with pH readings 
greater than 6. The pH in the stomach is 
generally believed to be between 1 .0 and 
3.5, and more commonly between 1.0 
and 2.5,^ and it is unusual to find anacidity 
in such a large proportion of healthy 
young adults. 

Eight volunteers failed to achieve the 
required baseline readings in 58% of 
samples and were disqualified from the 
study. For the 15 subjects who completed 
at least one part of the study, 21% of 
baseline pH levels did not meet the 
criteria. The ages, weights, and propor- 
tions of men and women completing at 
least one part of the study were similar to 
those of the total group screened and 
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thus the qualifying participants w( 
representative sample of the total gi 
Because antacid tablets are more 
^ table and generally more palatable 
f antacid liquids, they tend to be i 

> acceptable to patients. A more prolo 
J reduction of gastric acidity has 

reported with a tablet formulation 
' with a liquid formulation.'* The re 

> of our study showed that in fa: 
subjects one experimental antacid u 
and 5 ml of liquid antacid were eqi 
effective in raising intragastric pH 
bad a similar duration of antacid cl 

Doubling the dose of liquid ant 
produced a greater and longer la: 
antacid cfTcct. Although the proloi 
effect may be of therapeutic benefit 
magnitude of increase in pH may m 
so desirable. If the gastric content 
ceeds pH 5« a physiological respi 

; may cause secretion of acid, know 
"acid rebound.'^** 

Another unexpected finding in 
study was the similarity of effect of 
and two experimental tablets. One 
planation may be that two tablets \ 

I chewed or swallowed less thorou. 

I than one tablet, inasmuch as the tal 
were administered without water. Anc 
possibility is that clumping occurre 
the stomach when the ratio of antaci 
gastric juice rose too high, limiting tl 
vivo response. Because the antacid a- 
ity for a tablet is directly related tc 
surface area exposed to the reac 
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tung adults. 
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thus the qualifying participants were a 
representative sample of the total group. 
J Because antacid tablets are more por- 
\^ Uble and generally more palatable than 
I antacid liquids, they tend to be more 
> acceptable to patients. A more prolonged 
I reduction of gastric acidity has been 
f reported with a tablet formulation than 
? with a liquid formulatioa»< The results 
\ of our study showed that in fasting 
I subjects one experimental antacid tablet 

I and 5 ml of liquid antacid were equally 
effective in raising intragastric pH and 
bad a similar duration of antacid effect 
I Doubling the dose of liquid antacid 
\ produced a greater and longer lasting 
antacid eflTect. Although the prolonged 
effect may be of therapeutic benefit, the 
magnitude of increase in pH may not be 
^ so desirable. If the gastric content ex- 
/ ceeds pH 5, a physiological response 
, may cause secretion of acid, known as 
"acid rebound."" 
Another unexpected finding in our 
, study was the similarity of effect of one 
and two experimental tablets. One ex- 
planation may be that two tablets were 
; chewed or swallowed less thoroughly 
|[ than one lablcu inasmuch as the tablets 
were administered without water. Another 
possibility is that clumping occurred in 
the stomach when the ratio of antacid to 
gastric juice rose too high, limiting the in 
vivo response. Because the antacid activ- 
ity for a tablet is directly related to the 
surface area exposed to the reaction 
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ABSTRACT 

The cmcacy and safety oflong-lcrm 
mcnl with oral nitrendipine were c 
} atcd in 34 patients with essential ar 
I hypertension. Nitrendipine alone s 
cantly lowered systolic and dia 
blood pressure levels in 28 palienii 
completed the preliminary four- 
dose-sctting phase. Twenty-one pai 
completed the one-year treatment I 
pressure control was maintained by n 
dipine alone in 1 1 patients. Ten pal 
not adequately controlled at the ei 
the dose-setting phase were success 
treated with nitrendipine combined 
acebutolol or muzolimine. It is concl 
that nitrendipine is a promising cal< 
antagonist for the treatment of art 
hypertension. 



INTRODUCTION 

The World Health Organization gi 
h'nes' for the treatrftent of arterial h} 
tension suggest that diureUcs or t 
blockers should be the first-choice d 
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IN VIVO AND IN VITRO EVALUATION OF UftUD ANTACIDS 
John S. Fokotxan, M.D., Stephen G. Moiawsio, B.A. xwt) Charles T, Riciiarosom. M.D. 



Abftlrtct An In vivo test of tha efficacy oi liquid antac- 
ids filven after a meal waa shown to yield reproducible 
results. An average dose«response curve, obtalrved 
with the UM ol various doses of a stngle antacid, was 
different In subjects whose peak rtlstamlne response 
exceeded 26 mEq per hour and In those whose re- 
sponse was less ttian 16,6 mEq per hour, tn Indfvldual 
subjecle. however, tha peak hiftamma response dkJ not 
accurately pradtet the in vivo reduction m gastrio acidi- 
ty by anlacid. AKhough the relative In vivo potency of 
equal volumes of four different antaoids varied widely 
this potency could be predicted with reason sble accu^ 

TN 1966 we reported that calcium carbonacc powder 
and liquid aluminum-magncuum hydroxide in- 
gested one hour after a (landard meal reduced gasiric 
addity for ai least three houri,* whereas these and 
other ancaddft ingested io the fasting state reduced 
addity for only about 30 mlnutei.^ The present studies 
were designed lo learn more about t he action nfat^r«r, 
idi taken after a meal, which n the main time when 
(hcjc or up are pracribcd for treatment of peptic 
ulficr. 

GarfEaAL MaxBOBS 
All vubjcctf hid chronic duodenal or gaiiric ulcer or 
peptic caophagitU None had evidence of delayed gat- 
trie emptying on x-ray or clinical examination, and 
none had bad a recent complication, iuch ai bleeding 
or perforation. None were on anticholinergic therapy. 

After a fast of 10 to 12 houn the patienti were fed a 
•undard meal coiuitting of 150 g of broiled ground 
mtai.*caioncd with talcand pepper, two pieces of toaiii 
with butter and 180 ml of waicr.Padentt wereuudicd 
on several dilTcrcnt teat days, during which different 
doses of a single antacid, or diBerent nntadds, or water 
as a oontrol were ingested one hour after the meal. 

At Intervals after the meal a 1 6 Fr. tube was inscned 
into the slomach under fluoroscopic control. A sample 
of the gaatric contents was removed and analyzed for 
hydrogen ion concentration by the method of Moort 
and Scarlau/ A Sargent plf meter and standards of 

From ihtaixiTDatiefDlQgjr-Uyer Oiviuoji. [>epinfflcat oflfitemal Med- 
•ane. Untmtlty or Texts SouUveuera Mcdksl MiooJ (atfdnss rmrim re- 
y»««s »£>r. iFMina H lU OtpitMni oftnUniil ModiciM. UoWmiiy «r 
Tow SfiuU>wc««fo MedkiK SdM>eL 3323 Haijy Kioo BMJ, DmUu. T« 



racy means of an m vitro test, which showed the po* 
tency per mimilter of amacfd to vary iT-toidlSmg dif- 
ferent commercial products, 
« (ndicat© that when antackto are 
prescribed, dosage Bheuld bo determined by tha mllil- 
t^::tTV^ rteutrallimg capaciiy rather thaVlJ Jn 

ids thai the variable responses of Indfvldaal patients to 
antacids shou/d be taken into account, and that the 
doses commonly u^d In the treatment of duodenal 
yiVm*^^^'*^ increased. (N Engl j Med 288:S23-ft28, 

pH 1.07, 2.1, 4.0 and 7.0 were used. Basal secretion of 
acid and ihc peak histamine response vittc determined 
by icandard methods. 

RUVLTS 

^•^S'wiK'J^m^^ ^''''^ '''' - 

Rach of 5c\-cn paiicmi with duodenal ulcer, all with 
a peak histamine responie exceeding 25 mF^ of hydro* 
chloric acid per hour, were studied on two test days On 
one day each subject Ingested 60 ml of water one hour 
after eating. On the other day 1 56 mEq* of aluminnro- 
hydroxide In a volume of 60 ml fMaatox. 
\\\ H. Rorer) was ingested. 

The rcsulu are shown in Figure 1. When water was 
liken after the meal, gastric acidity remained at rcla. 
lively low levds for the first hour and a half, in tpite of 
the fact that acid was presumably sccreu:d at near 
maximal races during this period-^ ' The change from a 
Blow to a rapid rate of increase in gastric acidity oc- 
curred ac the time when gastric acidity was about 8 
mEq per liter, and ihc pH about 2.2. The meal used in 
these studies buffered hydrudOoric add in vitro down 
to but not below a pH of 2.2.^ 1-hese rtsulu luggot. 
tbcrefore, that in spite of high rates of acid secretion, 
g astnc acidiry rites slowly until the me al's bufltf (the 
pan diat li not eiripiicd irom the stomach ^ is AdK tl^ 
,traiedtopH2.2,This dfcct reouired about IV^hounti 
thcscvcn subjects included in Figure I. After that time 
acid secretion continues, presumably at a rapid rate,* 



VMilliaqirivilftnu oTutacMl h tfcAacd by tU 0.E0 oTMrnhlork «eid 
lequirai keep tt SAtscd wpcnO^ ,7pH 3.0 7?i 2 
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Figura 1. Gntric Adcflty ind pH In Rasponsa 10 a Moal when 
Elmer 158 mEq of Anuei^ or 60 MJ of w«ur Was Ingested (Ar- 
rows). 

ResufU are moans ± S.E. In fieven ptllento wtth ctuodenal 
ulcer. 

but lince QO unftcidified prctttn (butfer) remains in ibc 
itomach, acidity rises rapidly^ to bh average maximum 
of mEq per titer in our seven p&tients. 

'Vht striking effect on gastric acidity of ingetting 156 
mEq of antatttd is show in figure 1. Adrliry was near 
aero for two houn after the antacid was inge«ted. rising 
to only about 3 niEq per liter by the end of the expers- 
mcAL The pli of the gastric contents 30 minutes after 
the antacid was about 5.8, as compared lo 2.2 at this 
inierval when no antacid was ingested. 

These rcsuJis indicate that there are many %vayi in 
which antacid potency in vivo could be eapfcsod, in. 
eluding the length of time the pH is higher than some 
arbiifar>* value, and the change in p!] or the reduction 
nf acidity at an arbitrar>* interval. In the results rt- 
poried subsequently we ha\-e used the degree of reduc* 
Uon of gastric acidity two hours after antactdi, com- 
pared 10 the kvel of acidity with water as a control, as a 
measure of antacid potency in vivo. 

neprDdUctbtlKy 

Reproducibility was assessed In 30 paiienu by either 
water or the same do«e of antadd given on two upa- 
ratc test days. The results are shown in Figure 2. Al- 
though \*ariation from one test day co the next was ob- 
scrtxd, generally a good or poor response to a ceruln 
dose of antadd occurred on both leic days In a gix'cn 
patient. The correlation cocflident was 0.92. 

Dese4)oapona« Raiailont 

Av^agi rmlu. Figure 3 shows the average hydrogen 
ioft concentration of ihe gastric Contenu three hours 
after the meal and two hours a(^cr various doses of liq- 
uid aluminum-magnesium hydroxide (Maaiojc, W. 
Rorer). ITic dose of antadd b expressed in terms of 
both miUiliier» of the liquid and milliequivalents of 
antadd as determined by in vitro titration to pil 3,0, 

In Id patients with duodeiul ulcer whose peak hista- 
mine response was greater than 25 m£q per hour 
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FIgura 2. ftaprotfucibility of Oaatifc Acidity Three Hours aRir 

the Standard Meal. 
IndMduat eutajecta received the tame amount or antadd en 
each day. 

{rangeof 25 to 76 and average of 36.7>.dc»lgnatcd *^h>. 
pcnccrctors" in Figure 3, the hydrogen ion concenira* 
lion with no antadd was -19.9 mEq per liter. Increasing 
dms of antacid resulted in a progressive fali in gastric 
addity. In this group of pancnu a dose of 30 mi (78 
mEq) was required to roduee gastric addity by approx- 
imatdy VS. 

By contrast, b 1 1 pariencs with gastric ulcer or pcp^ 
tic esophagitis. whose peak histamine response was less 
than 16,6 mEq per hour (range of 5.7 co 16.6 and aver- 
age of 9J), designated '•hypoiocretorsV in figure 3, 
gasuic addlcy with no antadd was only 14 J mEq per 
liter. A doscof approaimatdy 9 ml (23 mEq) of anudd 
would he expected (by interpolation) 10 reduce addity 
by i^. These results indicate that the average response 
of patients to antacid therapy is depcndcni on the pari- 
eial-cdl mass, as estimated by the peak histamine re- 
sponse. 
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Rjjiffaa Antacid Oose-Response Ourya<Maa(O30 W a Oroopot 
PaUsnta Whose Paak HIslimInt Deaponso Was Grcaief than 
25 mEq per Hour C'Hypersocrotora") and In a Group Whose 
Peak Histamine Response Wis tass tr>an 16.6 mEtt par Hour 
("Hyposecretora"). 
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J he description of antacid cflccdwrnas in ihc previ- 
ous prji/^aphs has been in terms of Gracuonal or per- 
, < nuLK^ rcduaion io acidity. The absolute reduedon io 
j\via)?e acidity ^'ith 13 ml (39 mEq) oramadd ii ap. 
Iifitxiniatcly cquaJ Ui the high and loiv tecretors (IS 
iiiKq per liter in both groups), but the fracdooal rcduc 
tiun ii much greater in the low ucretorc 

Mividn^l Muhr Figure 4 aho%«9 the resul ti in individ- 
iial subjocu, plotting the gastric acidity when no antac- 
id wa.1 adminiitered (horiaontal axit) againtr the gaip 
trie acidity when either 15, 30 or 60 ml (39, 78 or 156 
itiKci) of antacid wm given (vertical axii). Kiott pa- 
iiCitis whose gactric acidity was less than 40 mEq per 
jjur without any antacid had at lean & twofold reduc- 
lioo in gastric acidity by 15 ml of antacid. On the other 
luind, mw patients whose gauHc acidity without aot- 
sKid was greater than 40 m£q per liter had relatli-ely 
little reduction in gasihc acidity by the 13'ml dote. 
( ilMise results obviously apply to acidity only at the 
jfpccificd lime of gaiiric sampling.) A fivefold reduction 
in gawric acidify for the high-sccretor group was usual* 
ly achieved only with the 60.inl dose of antacid. Ap- 
lifoximaicly of the high secretor group had a greater 
than lO^fokl reduction in gastric acidity with the60*ml 
da^ of antacid. 

The mpo<Vie of individual patients in fractional and 
ab«>]uie terms can be derived from Figure 4. No mat. 
lor how the rcaulu arc expressed, the response of indi- 
vidual patienti to antacid therapy varies widely. For 
instaooo, some patients with the same level of acidity 
uithout antacid had very dilFerent degrees of reduction 
in addiiy by the same dose of antadd. 

In a total of 19 patients reasonat^ and convincing 
individual dose-re^nse curves could be construacd, 
sfid from these the milliliters of aeiacld required to 
five a twofold and a fivefold reduction in gastrh: acidi- 
ly was determined. The correlation coefficient of these 
values with the peak hUtamuie response was 0^6 and 
OM, respectively, and wide scatter was evident. This 
finding indicates chat the amount of amadd required 




Figure 4. Gastric AckJfty ol Individual PaHenls alter 15, 30 and 
60 M) (39. 78 and 156 mEq) of Atuminum-Maonesium Hy. 
droxida (Maafox). Plotted agalnsi the Gsstrtc Acfdtiy whan Mo 

Antadd Was Given. 
Lines dsplccrng mo reduction and reductions of two. tlva and 
to llcnas In gastric acMity ara shown. Opan clrdas indlcata pa- 
lienU with a peak hlslimins response oTIeas than 1 6.6 mEq per 
hoyr, and dosed circles ihoM wllh a peak htcumlna reaponao 
MOraatar than €5 mEq per hour, Tne closed trianota^ plotted 
•or the eCMnI doae only, are Iho resutt9 In patients de- 
scribed In other aectfons of this paper (I.e., they dfd not 
have a comptata dosa-rosponfio atudy)^ 



to reduce gaitric acidity iwfold or fivefold Lr an indi- 
vidual padcni comclatcji poorty with and cannot be 
predk:ted with accurac>- from ihe peak hUumine re- 
sponse. Thertfort, ihc degree to which a given patient 
responds 10 antacids mun depend not only on his pari* 
eral^U mass but also on the race at which he empdes 
the antacid from the stomach, and on his gastric socre* 
tory response to eating,* Which of these facton varies 
in different patients, and thus accounu for the dl ircrent 
response to antadd therapy, is not known. 

The da ta were also enamined to determine if the rate 
of basal secretion or the ratb of basal to peak socitttion 
was of value in predicting the response lo antacid ther- 
Apy- All correlation codBctcna were lets than 0.24. 

^aiaWtt Potency of !Hfrar«nt UquU PreparHlons In Vtso 

Sixty milUlitcrs of water (as control) and 60 ml oT 
Maai^Mt (Vy H. Rorer), Galusll (Warner-ChUcoig. 
Phosphaljcl (^Vyclh) and Camalox (W. II. Rorcr) y^m 
compared in 1 1 patients, all of whom had a peak hiiu- 
mine response greater than 25 mF^ per hour. The pa. 
tienu were tested on separate dayi with the diOerent 
antadds^ and the order of testing was randomiacd. The 
results are shown in Table 1 . It is evident cha c the tame 
volumes of these antadds have markedly different In 
vivo capaddes to reduce gastric acidity. For instance, 
Phosphaljel diminished addity hardly at all (as com- 
pared to the water control), whereas Camalox pro- 
duced an 18*fold reduction. ^ 

The values in Table I apply only to the spcdfie lam- 
pllng tmt of two hours afur the anudd (Three hours 
after eating, or two hours after antadd). However, In 
other, unpublished studien we have found that x ami- 
lar qualitative conclusion would have been reachod at 
sampling t\me% of 30, 60 and 150 minutes, although 
with different absolute values for gastric addiiy. 

In Vnro Antacid Potency 

Prdiminary experiments were done at room temper- 
ature and at 37*C. in isotonic saline and in water at 
diflcrant stirring rates, and with titration to diHerMt 
pH end points. Reaction temperature and the presence 
of sodium chk>ride in the test solution did not influence 
In vitro antacid potency or die rdadve cfieciivencss of 
dilTercnt liquid antadds. However, the pH end point, 
ihe rate of sdrring and whether or not the antadd was 
gently swirled after it wa» added to water or saline 
made an important difference in absolute and rdative 

Ta wa 1 . in Vfvo Comparison of Four Antacids In 1 1 Patients with 
Duodenal Uicor.* 
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in vitro potcnc)- of dinertnt aniackk Rapid scirrins 
greatly enhanced the c/ToctivenesA of &ome anmcid^ 
whereas for oihcr* ii mad* link difference. Swirling 
gently before titraiion «^ts begun made the in vitro test 
reproducible. If swirling was oouttcd, the antacid tend- 
ed to floocuiatc. and in these cases, the rctulu of tripli- 
cate testing varied markedly. 

I'he hnal procedure selected was as folloivt; 1 ml of 
antacid was added to 100 ml of water at 37*0. The 
250-ml Ericcvmeyer flaik wa» gently swirled three times 
to suspend the antacid c\-caly in the water. The mix- 
tur* was ihcn siixred at exactly 60 rpm, with the use of 
a magnetic siirrcr and a 2.5-cm magnet. Cfhis speciik 
rate of stirring it obviously arbitrary; however, it was 
selcacd because it seemed more likely to simolate mix- 
ing conditiofu in the icomach than rapid agitadon.) 
The pH of the mixture was cnea&\ircd, and O.IO N hy- 
drochloric acid was added from a buret at intervals 
(cvei7 five minutes for the first hour, and every 10 min- 
utes for the next) over a two-hour perjod 10 lower the 
pi I to 2.0, 23 or 3.0. Since acid was added only at the 
speciHed times, the pH in the inurvals exceeded the 
end*poini pH level. The test was repeated three times 
with each antacid, always with use of a new bottle, well 
thaken before opening. The results of repeat testing 
were virtually identiesil 

Figure 5 presents the in vitro resulu (end-point pll 
3.0) with the four antacids used in the in vivo study 
previously described. Wide diffierences in the in vitro 
antacid potency of these antacids are evident. Figtue 6 
shows the correlation of the in vivo xesutu (Table 1) 
with in vitro tests carried out at pH 2.0, 2.5 and 3.0. Ii is 
evident that the in vitro resulu at pH 3.0 conelaee bet- 
ter with in V ivo potency than in vitro teats at pH 2.0 or 
2.3. For example, at pK 2 0 or 2.5 Pbosphaljel appears 
as pount as Geltisil, which ii contrary to their oxtequal 
potencies In vivo. 

The agreement between one specific in vitro test, 
with titraiion to pll 3.0,* and the in vivo results was 
cxcelleiu, suggesting that this In vitro method may be 
used to predict in vivo activity of other liquid anudd 
preparations. (It is not known whether this In vitro 
method would accurately reflect in vivo activity of ant- 
acid tablets or powders.) For this reason, many liqisid 
iniacids, selected on the basis of availability in local 
stores, y{crt titrated In viiro, with the itsulis shown in 
Table 2. A wide range of activity b notable, 1 ml of 
Phospha(jel requiring only 4 ml of 0. 1 N hydrochloric 
actd and 1 ml of Ducon requiring 70 ml of O.l N hydro- 
chloric add to maintain reaction pH at 3.0. The rate of 
fcactioD of antadd with hydrochloncaddand the ant- 
add oonsdtuents of each preparation arc also given in 
Table 2. 

A second typo of in viire analysts was performed to 
determine the degree to which antadds dievaic the pH 
of an acidified meal horoogenate. The homogenized 

*rhi Cb^a of pn 3.0 ts ea end point Rk ihi vitio test 00 ph^rsiolo^ic 
or p»ibolos»«* IrapUfstioni: b U siranly ihc io viuo cod poioi tan tmpni- 
My «u fMiod to conelaw bcit Mtb in vivo iMftdd ptntnty. 




TIME 



Ftgure 6. Tttra&on oT 1 Ml or Four Aniaeida wltrt 0.1 N Hy- 
drochtorte AcU (HO). 
The pH ano point was 3il 

meal (steak, toau and butter, etc.. as described above) 
was acidified to pH 2.0 by the addition of I N hydro- 
chloric add. T%*en(y -milliliter altquots of the addlfiod 
meal were incubated at 37 with 23 mi of antacid, 
with stirring at 60 rpm by a magnetic stirrer. The pll 
of the mixtut after 30 minutes was read and recorded 
The resulcSf correlated with the in vivu experiments 
and with the in vitro titration of antacids to pli 3 j)>are 
shown in Figure V. The antadds varied wlddy fin the 
degree to which the pH of the acidified meal was 
raised. However, ability to elevate the pH of the addi- 
ged meal toward pFi 6 correlaxcd u'cll with the in vivo 
results with the four antadds so tested and with the in 
vicro titrauon to pH 3Awiih all antadds in this study. 

Since the componenu of common antacids (alumi- 
num hydroxide, magnesium hydroxide, magieicslum 
irisiiicaie and caldinn carbonate) vary wlddy in calcu- 
lated antadd potency in vitro, it should be possible in 
prindple to predict the rdaiive in vitro potency of the 
various commcrdal anudds listed in Table 2 From 
thdr product iabels, Hcvwevcr> this is not true in prac- 
tice because the amounts of each component are oh£0 
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Figura 0. Comparison of tn and In Vitro Potenoy of Water 

(Control) and Four Antadds. 
Noie that the vertical axis b 0 logarithmic ecaia. The In vivo 
data are also shown in Tabta 1. and tho in vitro rasutta in 
ure 6. 
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Tftbie 2. Tnf atlon to pH 3.0 ofl Ml of Antacid wBh 0.1 N Hydro- 
chloric Actd. €0 rpm, at 37*C. 
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iioi specified by ihe manui«cturer. and becaine the de- 
gnxM of xolubility ("rwctiviiy'^ of different Aluminam 
;iud magnoiiuin baso vary. Nevertheless, previous 
markers hive iihown, by i viiiciy ofm vitro tests, that 
roinmcrdil mntacidt \iry widely in potency,*'-' ind 
Uiimin observed thai an in vitro ten correlated %tfitb 
ihe duration or ncuiraliaeation of the gastric contend 
hy Tour aluminum hydroxide (kreparations in fasting 
parienii.'* Surprisingly enough, little clinical tmpor- 
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riQure 7. AlrilJIy of Different Antacids to Rfltoe file pH of an 

Addr/iod Mod) In VKro. 
Tho results are Plotted against Khe in vivo results (left sTde) and 
•gafnst the reautla of In vitro Utrvtton to pH 3.0 (right side). The 
closed triangles represont tho effect of water as a nonamacid 
control. (He closed circles are it>e four antacids teetad in vivo 
(Table 1), and the opon drcfofi are the other antacids IMed In 
Tat>le 2. 



tance has been accorded to these results. Recent re- 
vlewi, books and mom^raphs discussing aniacid ther- 
apy stress the point chat there is little to choose between 
one liquid antacid and another; paJaiability, bowel 
habit, salt content and cost arc the features of difTcrcm 
antacids by which a choice of a apccitic drug hat usual- 
ly been recommended. Perhaps this attitude has devel- 
oped bccatise of the lack of evidence that in vitro po- 
lenc>* reflects in vivo cflectivcoess under conditloia in 
which antacids ate Actually used, and because in vitro 
(csu can be carried out in so many diflTerent ways that 
almost any antacid can be made to appear relatively 
potent by some in vitro test. No matter what the rea- 
son, this belief is wrong. For instance, the ncutnlbdng 
capacity of 15 ml of liquid amadd might vary from 6 
to 105 mBq, and this in vitro difference is direcdy cor^ 
related uith the degree to which antaddt reduce acidi- 
ty in patients. 

Ca4NSCAL iNTSRntlTAyiON 

Clinical interpretation of pharmacologic and 
physiologic studies such as these are hampered by lack 
of knowledge of the degree of ncutraliiation necessary 
to heal an ulcer and to prevent recurrent pcplic ulcera- 
tion* In the past, many worken have assumed that ani- 
acids must reduce acidity to near zero (pll U or 
higher) to eliminate peptic activity. Thfa concept was 
nc\icr verified or disproved experimentally, and to in- 
sisc that reducdons in acidity of leaser masnitude af« 
cUnically unimpnnant seems unjustified. It stems like- 
ly that the degree to which acJdiiy must be reduced to 
heaJ and prevent pcptk ulcer is variable in difTocnt 
paticnq, depending on the degree of mucoial resist- 
ance. Admittedly, there is no direct expcrimenul proof 
of this hypothesis. 

Recently, (Goldberg and his co-workers conducted 
an experiment that bears on the degree that addity 
must be reduced to prevent experimental csophagltls 
in the cat.' l*hesc worken found that cat caophagltkk 
was markedly diminished as acidity %vai reduced from 
approximately 31 mEq per liter (pH 1.6) to 12 ml^ 
per liter (pH 2D), and thai esophagiris was compfetcly 
prevented if addity was reduced to 6.1 m£q per liter 
(pH 2.3). These rcsulu were obtained even though all 
the tat solutions contained the same amount of pepsin, 
and even though in vitro peptic acdvity (with hemo- 
globin as substrate) was equal and maximum over this 
range of acidity. Although these experiments^ of Oold* 
berg ct al. are not directly applicable co ulceration in 
the human scomach or duodenum, they suggest that 
reduction in gastric acidity to dcgrco that cao easily be 
achieved clinically by the use of antacids might favora- 
bly influence the couneofpcpuc ulceration in patients. 
Fttfthermoic, in an older study, amadd therapy was 
found to reduce the frequency of Mann<WiOiamson 
ulcers in dogs even though gastric add was incomplete' 
ly neutralized.^ 

Even if it turns out that antacids are of no value in 
speeding healing in peptic ulcer and arc useful only fer 
relieving pain, it makes sense to use them In the most 
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1 SLu ?nS5Sn« diy«»e. other than pepoe 
ulcer Md "^ZTtaT-ble 2 doe not imply 

Klii r3c.i«d po«ncy W a higher vo1«mc of 
Secondly, inc rapw . oredUtcd trom meft- 

"%,SMy, «he commonly recommended do« of .nt- 



Wfortieauneniofduodcnalukerartmuch toolow. J 

Sr £^ a fivefold reduction in .ddUy for two 
S^rTS^^^xien. wi* duodenal olc« would 
156 mEa of ai>t»cid in most piueatt (Fig. 4). From the 
SnT.ble 2 it m*y be «eA that ihis amount n 
iSvSeot to from 37 1 to 22 ml. depending on the ant- 
Sd i2«d. Most phyriciani use 15 ml (onf 
S^uSr^ardles. of which anlftcid • P'^^^'b**- 
lK*fr7e«e..thiiBgure would fellfarthort of the 

Soi ,«ttir«l to produce - fivefold rcduc.»«. m gastru: 
acidityVwo hour* after ukbg the aniacid. 
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